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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process which forms the ferromagnetic layer which contains at least a kind of element 
chosen from Fe, Co, and nickel, It puts to ******** activity reaction Guth who contains a halogen 
for the process which carries out the mask of said ferromagnetic layer front face alternatively, and 
the outcrop of said ferromagnetic layer front face — The patterning approach of the magnetic 
substance characterized by having the reaction process which said outcrop and its lower layer are 
deteriorated by the chemical reaction to a compound with the component in said reactant gas or said 
reaction mixture, and is formed into un-ferromagnetism. 

[Claim 2] Said halogen is the patterning approach of the magnetic substance according to claim 1 
characterized by being a fluorine. 

[Claim 3] Said compound is the patterning approach of the magnetic substance according to claim 1 
or 2 characterized by being cobalt fluoride. 

[Claim 4] Said process formed into un-ferromagnetism is the patterning approach of the magnetic 
substance given in any 1 term of claims 1-3 characterized by producing the activity reactant gas 
containing said halogen using a plasma generating means. 

[Claim 5] Said process which carries out a mask is the patterning approach of the magnetic substance 
according to claim 1 to 4 characterized by having the process which forms a block-copolymer layer 
in said ferromagnetic layer front face, and forms the isolation region which separates mutually two 
or more island-shape fabric domains which correspond to said outcrop according to the self- 
organizing phenomenon of said block copolymer, and said island-shape fabric domain, and the 
process which removes said island-shape field. 

[Claim 6] The patterning approach of the magnetic substance according to claim 5 characterized by 
removing said isolation region and forming the magnetic-recording field corresponding to said 
island-shape field, and the non-ferromagnetism field corresponding to said isolation region after said 
reaction process. 

[Claim 7] The patterning approach of the magnetic substance according to claim 6 characterized by 
writing the servo information for controlling either [ at least ] a relative position with the magnetic 
head, or relative velocity in said magnetic-recording field. 

[Claim 8] It is the magnetic-recording medium characterized by said non-ferromagnetic field being 
the compound of said ferromagnetic and halogen in the magnetic-recording medium which has two 
or more record sections which consist of a ferromagnetic which contains at least a kind of element 
chosen from Fe, Co, and nickel, and the non-ferromagnetic field which separates said record section 
mutually, respectively. 

[Claim 9] The magnetic-recording medium according to claim 8 by which said halogen is 
characterized by being a fluorine. 

[Claim 10] The magnetic-recording medium according to claim 9 by which said compound layer is 
characterized by being cobalt fluoride. 

[Claim 1 1] It is the magnetic-recording medium characterized by said non- ferromagnetic field being 
the compound of said ferromagnetic and halogen in the magnetic-recording medium possessing the 
servo layer which has two or more record sections which consist of a ferromagnetic which contains 
at least a kind of element chosen from Fe, Co, and nickel, and the non- ferromagnetic field which 
separates said record section mutually, respectively. 
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[Claim 12] The magnetic-recording medium according to claim 1 1 characterized by having the non- 
magnetic-material layer formed on said servo layer, and the recording layer formed on said non- 
magnetic-material layer. 

[Claim 13] The lower electrode layer formed in the substrate front face, and the 1st a little more than 
magnetic layer formed on said lower electrode with the 1st ferromagnetic which contains at least a 
kind of element chosen from Fe, Co, and nickel, The tunnel insulating layer formed on said 1 st a 
little more than magnetic layer, and the 2nd a little more than magnetic layer formed on said tunnel 
insulating layer with the 2nd ferromagnetic which contains at least a kind of element chosen from 
Fe, Co, and nickel, It has an insulating layer surrounding the perimeter of said 1st a little more than 
magnetic layer, said tunnel insulating layer, and said 2nd a little more than magnetic layer. Said 
insulator layer Magnetic random access memory characterized by providing said 1 st ferromagnetic 
and the compound layer of a halogen, and said 2nd a little more than magnetic layer and the 
compound layer of said halogen. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to magnetic-recording media, such as pattern 
DOMEDIA produced using the pattern NINGU approach and this approach of the magnetic 
substance, other magnetic-substance products, and the magnetic recording medium equipped with 
this magnetic-recording medium about a high density magnetic-recording technique. 
[0002] 

[Description of the Prior Art] In recent years, each record bit size on a magnetic-recording medium 
is becoming about several lOnm very detailed thing by improvement in the surface recording density 
of the magnetic-recording medium accompanying increase of the storage capacity of a hard disk 
drive (henceforth HDD). In order to obtain a playback output from such a detailed record bit, 
reservation of the largest possible saturation magnetization and thickness is needed for each bit. 
However, detailed-ization of a record bit made the amount of magnetization per bit small, is the flux 
reversal by "heat fluctuation", and has produced the problem of disappearance of magnetization 
information. 

[0003] Generally, effect becomes large and, experientially, this "heat fluctuation" is said for the 
magnetic reversal by "heat fluctuation" to arise in Ku-V/kT<100, so that the value of Ku-V/kT (it is 
here and an anisotropy constant and V are [ a Boltzmann's constant and T of the magnetization 
smallest unit volume and k ] absolute temperature for Ku) is small. 

[0004] By the magnetic-recording medium of a longitudinal magnetic-recording method, since the 
demagnetizing field in the record bit of the field where recording density is high becomes strong, the 
diameter of a magnetic particle tends to be influenced by comparatively large inside of "heat 
fluctuation." On the other hand, by the magnetic-recording medium of vertical magnetic recording, 
by growing up a magnetic particle in the direction of thickness, since the particle size on the front 
face of a medium can enlarge the magnetization smallest unit volume V while it has been small, it 
can control the effect of "heat fluctuation." However, if the densification of HDD will progress 
further from now on, even if it is vertical magnetic recording, a limitation will appear in heat 
fluctuation resistance. 

[0005] As an approach of solving the problem of this heat fluctuation resistance, the magnetic- 
recording medium called "pattern DOMEDIA" attracts attention. Generally pattern DOMEDIA 
means plurality and the magnetic-recording medium formed independently, respectively for the 
magnetic-substance field used as record bitwise into a non-magnetic-material layer. In general 
pattern DOMEDIA, as a non-magnetic-material layer, borides, such as carbide, such as nitrides, such 
as Si3N4, and A1N, TiN, and TiC, and BN, are used, and the ferromagnetic field is alternatively 
formed into these non-magnetic-material layers. [ oxides, such as Si02 aluminum203, and Ti02, 
and ] 

[0006] Since the ferromagnetic field which is record bitwise has been independent, pattern 
DOMEDIA can prevent interference between each record bits, and effectiveness is in the 
disappearance of record and the reduction of a noise by the contiguity bit. Moreover, by patterning, 
domain-wall- displacement resistance increases (the pinning effectiveness of a magnetic domain 
wall), and improvement in magnetic properties can be aimed at. 

[0007] On the other hand, in HDD, the servo information beforehand recorded on the magnetic- 
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recording medium is performing positioning or control of passing speed for the magnetic head to the 
target position on a magnetic-recording medium (target truck). Generally, this servo information is 
recorded on the circumferencial direction on a magnetic-recording medium by the servo field (servo 
sector) established in radial at the predetermined spacing. 

[0008] Usually, the writing of servo information is performed using the servo write-in equipment 
called a servo writer, after including a magnetic-recording medium and the magnetic head in the 
interior of the case of a drive body. However, if high recording density-ization of HDD progresses, 
since servo information will increase in proportion to it, the area of the servo field on a magnetic- 
recording medium increases as a result, and conflict of narrowing the area of an effective record 
section (data area) is held. 

[0009] On the other hand, by recently, the magnetic-recording medium structure of the "depths servo 
system" which embedded the servo field in the deep layer other than a magnetic-recording layer is 
examined. With this structure, since a record section and a servo field can be formed in piles up and 
down, while being able to use the whole magnetic-recording medium surface as a record section, a 
servo field can also be formed all over a magnetic-recording medium. Therefore, a record section 
cannot be sacrificed but, moreover, the tracking of the magnetic head can be carried out with high 
precision in respect of the arbitration on a disk. 
[0010] 

[Problem(s) to be Solved by the Invention] Although it is necessary to form the pattern of the 
detailed magnetic substance in a large area in order to manufacture pattern DOMEDIA mentioned 
above, on the other hand, patterning of the magnetic substance with a high degree of integration as 
well as [ MRAM (Magnetic Random Access Memory) which attracts attention recently ] the 
manufacture is needed as a new nonvolatile memory component. 

[001 1] Conventionally, in patterning of these magnetic substance, the following four processes are 
mainly used. First, they are the lithography process which forms the resist film on the formation 
process of the magnetic-substance thin film which it is going to process, next a magnetic-substance 
thin film, and forms a pattern in the resist film using light, an electron ray, an ionic line, etc., the 
process which uses a resist pattern as a mask and etches a magnetic-substance thin film further, and 
the process which removes the residue by the resist and etching which remained. Among these, 
although a thin film formation process, a photolithography process, and a residue removal process 
can divert semiconductor technology, since the magnetic substance is an ingredient with difficult 
etching unlike a common semiconductor material, it is difficult to use the usual RIE (Reactive Ion 
etching) used in a semi-conductor process, and the physical etching approaches, such as ion milling 
by the ion by which electric-field acceleration was carried out carrying out the spatter of the sample 
front face instead, are used. 

[0012] The manufacture approach of conventional pattern DOMEDIA which used ion beam milling 
for drawing 13 (e) from drawing 13 (a) is shown. That is, first, as shown in drawing 1 3 (a), the 
ferromagnetic layer 520 which uses a spatter etc. and contains Fe, Co, nickel, etc. is formed on the 
substrates 510, such as Si. Next, the resist pattern 530 equivalent to a desired pattern is formed by 
the electron beam lithography on this ferromagnetic layer 520. Furthermore, as shown in drawing 13 
(b), ion beam milling is performed by using this resist pattern 530 as a mask, and the ferromagnetic 
layer 520 of an outcrop is etched. Then, as the resist film which remained as shown in drawing 13 (c) 
is removed and it is shown in drawing 13 (d), the non-magnetic-material film 540 was covered so 
that the slot formed of ion milling might be filled, and pattern DOMEDIA which finally shows a 
substrate front face to drawing 13 (e) by performing CMP (Chemical Mechanical Polishing) has 
been obtained. 

[0013] However, by the conventional manufacture approach mentioned above, since the 
ferromagnetic layer 520 is processed using ion beam milling, a damage remains in the crystal on the 
front face of processing. Therefore, processing without a damage is desired for improvement in the 
further magnetic properties. 

[0014] Moreover, since etching by ion beam milling is physical, the difference of the etching rate by 
the difference in the matter used as the candidate for etching is hardly produced. Since the 
ferromagnetic layer 520 and a resist pattern 530 are shaved at the almost same rate, it depends for the 
aspect ratio of a processible configuration on the thickness of the resist pattern 530 which is a mask. 
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If the concavo-convex level difference of a resist is about 20nm, as for the ferromagnetic etched, a 
depth of 20nm will serve as a limitation. Therefore, in order to perform good processing of an aspect 
ratio, a resist with thin thickness cannot be used. 

[0015] Moreover, in HDD of high recording density, in order to reduce the spacing of a magnetic- 
recording medium and the magnetic head, the front face of a magnetic-recording medium must be 
smooth. Therefore, as shown in drawing 13 (e), after embedding the non-magnetic-material layer 
540 in the crevice of the etched ferromagnetic, it is necessary to graduate a substrate front face at a 
CMP process. This CMP process is a burden on a process, when forming pattern DOMEDIA. 
[0016] On the other hand, the medium (IEEE Transactions-Magnetics Vol.25, No. 5, pp 3381-3383, 
1989) of the discrete truck method which is a kind of pattern DOMEDIA is proposed recently. 
Although this is etching the magnetic layer of the field between trucks by ion milling etc. and it is 
the media in which the magnetic layer was formed only to the truck field, the level difference of 20- 
50nm resulting from the existence of a magnetic layer exists in a medium front face, and it is pointed 
out that this irregularity causes the problem of reducing seeking endurance remarkably. 
[0017] In order to solve the problem of the irregularity on this front face of a medium, the media of 
the discrete method which carried out the ion implantation of nitrogen ion or the oxygen ion, and the 
magnetic layer which should serve as a field between trucks was made to make nonmagnetic are 
proposed (JP,5-205257,A). 

[0018] Moreover, the approach of forming pattern DOMEDIA by oxidizing alternatively the 
medium front face which carried out the mask as an approach of forming pattern DOMEDIA with a 
smooth front face is proposed (United States patent number 6,168,845). 

[0019] Since an etching process is not used for the method of pouring in these oxygen ion, or the 
method of oxidizing a front face partially, the problem of the irregularity of the front face by ion 
milling is not generated. However, since the volume of the oxidation field made to non-magnetic- 
material-ize increases and the medium front face of an oxidation field rises, no these approaches can 
lose irregularity on the front face of a medium completely. 

[0020] Furthermore, since it is desirable to use mask material with strong oxidation resistance when 
using oxidation reaction and the usual resist exfoliation processes, such as 02 ashing process, cannot 
be used for removal of these mask material, the burden of a process is large. 
[0021] Moreover, although ion milling is used and these layers are physically etched in case each 
memory device field is demarcated after forming on a substrate the film which needs a lower layer 
ferromagnetic layer, a tunnel oxide-film layer, the upper ferromagnetic layer, etc. also about 
manufacture of MRAM, a short circuit may arise between up-and-down ferromagnetic layers by the 
etching damage or the etch residue. Therefore, the yield without these problems is high and, 
moreover, use of the magnetic-substance patterning approach with sufficient productivity is desired. 
[0022] On the other hand, the following technical problems exist also about the writing of the servo 
field formed in a magnetic-recording medium. First, when using the usual sample servo (sector 
servo) method, the process which writes in servo information using the conventional servo writer is 
needed, but migration control of the head is carried out, and in order to carry out sequential record of 
the servo information to each servo field of all the trucks set up on a magnetic-recording medium, it 
is one of the processes which requires a long time also in a production process. If recording density 
will improve from now on, many servo amount of information will also be needed, and the write-in 
time amount of the servo information by the servo writer will come to take long duration further. 
Therefore, in order to mass-produce high recording density HDD equipment cheaply, to shorten the 
time amount which the write-in process of servo information takes is desired. 
[0023] Moreover, since servo information is written in the whole surface especially in the case of a 
depths servo system while the process which forms a depths servo field in addition to formation of a 
magnetic-recording medium is required in the case of the magnetic-recording medium using a depths 
servo system, the time burden which writing takes is very large, and the request to the shortening is 
larger than the sample servo system mentioned above. 

[0024] Therefore, also about the writing of servo information, it replaces with the approach which 
used the conventional servo writer, and adoption of the patterning approach of the magnetic 
substance in which the package writing of the servo information on a magnetic-recording medium 
with high productivity is possible is desired. 
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[0025] This invention is made in view of the above-mentioned technical problem, and the 1st 
purpose of this invention does not have a physical damage applicable to manufacture of various 
magnetic-substance products, and offers the magnetic-substance patterning approach that 
productivity is high. 

[0026] The 2nd purpose of this invention is offering the magnetic-recording medium which has 

pattern DOMEDIA formed by the above-mentioned magnetic-substance patterning approach. 

[0027] The 3rd purpose of this invention is offering the magnetic-recording medium which wrote in 

servo information by the above-mentioned magnetic-substance patterning approach. 

[0028] The 4th purpose of this invention is offering MRAM produced using the above-mentioned 

magnetic-substance patterning approach. 

[0029] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the 
magnetic-substance pattern approach of this invention The process which forms the ferromagnetic 
layer which contains at least a kind of element chosen from Fe, Co, and nickel, The process which 
carries out the mask of this ferromagnetic layer front face alternatively, and the outcrop of a 
ferromagnetic layer front face activity reaction Guth containing a halogen — it puts to********, said 
outcrop and its lower layer are deteriorated by the chemical reaction to a compound with the 
component in this reactant gas or reaction mixture, and it is characterized by having the reaction 
process formed into un-ferromagnetism. 

[0030] In addition, "non-ferromagnetic-ization" means vanishing the magnetism as a ferromagnetic 
at least, and means changing to a non-magnetic-material or paramagnetic-material-property here. 
[0031] According to the description of the patterning approach of the magnetic substance of above- 
mentioned this invention, since a non-ferromagnetic layer is alternatively formed of the chemical 
reaction of a halogen and a ferromagnetic layer, the magnetic pattern which consists of a 
ferromagnetic layer and a non- ferromagnetic layer can be formed by it. Since the chemical reaction 
is used, there is no physical damage and, moreover, patterning of the large field can be carried out at 
a package process. Moreover, since the halogenated non-magnetic-material field does not have 
cubical expansion like oxidation, a very good smooth front face can be obtained without a smooth 
chemically-modified degree. Furthermore, since the halogenation reaction is used, it is also possible 
to be able to use a general resist and to use oxygen ashing for resist removal. Manufacture of various 
magnetic-substance products, such as magnetic-recording components, such as MRAM, is attained at 
the package writing of pattern DOMEDIA and the servo information on a magnetic-recording 
medium, and a pan using this magnetic-substance patterning. 

[0032] In the magnetic-recording medium which has two or more record sections which consist of a 
ferromagnetic which contains at least a kind of element for which the 1st magnetic-recording 
medium of this invention is chosen from Fe, Co, and nickel, and the non-ferromagnetic field which 
separates the record section mutually, respectively, the above-mentioned non- ferromagnetic field is 
characterized by being the compound of the above-mentioned ferromagnetic and a halogen. 
[0033] According to the description of the 1st magnetic-recording medium of above-mentioned this 
invention, pattern DOMEDIA can be offered in the non- ferromagnetic field which consists of a 
halogenated compound of the record section which consists of a ferromagnetic, and this 
ferromagnetic. Since this non-magnetic-material field is formed by the chemical approach, a record 
section hardly receives a damage. For this reason, there is little degradation of the magnetic 
properties by manufacture conditions, and it can acquire good magnetic properties. Moreover, there 
is almost no irregularity in a front face with the record section which consists of a non-magnetic- 
material field which is a halogenated compound, and a ferromagnetic, and substrate surface 
smoothness can offer a good magnetic-recording medium. 

[0034] In the magnetic-recording medium possessing the servo layer which has two or more record 
sections which consist of a ferromagnetic which contains at least a kind of element for which the 2nd 
magnetic-recording medium of this invention is chosen from Fe, Co, and nickel, and the non- 
ferromagnetic field which separates this record section mutually, respectively, the above-mentioned 
non- ferromagnetic field is characterized by being the compound of the above-mentioned 
ferromagnetic and a halogen. 

[0035] Since the servo information written in into the servo layer of a magnetic-recording medium is 
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written in with the pattern of the existence of the halogenated compound layer which can be formed 
by the chemical reaction according to the 2nd description of the magnetic-recording medium of 
above-mentioned this invention, the magnetic-substance patterning approach which can write in 
servo information is collectively employable as a large area. And since the cubical expansion in a 
halogenated compound layer is very small when servo information is written in by the existence of a 
halogenated compound layer, the magnetic-recording medium excellent in the smooth nature on the 
front face of a substrate can be offered. 

[0036] The lower electrode layer by which the magnetic random access memory of this invention 
was formed in the substrate front face, The 1st a little more than magnetic layer formed on said 
lower electrode with the 1st ferromagnetic which contains at least a kind of element chosen from Fe, 
Co, and nickel, The tunnel insulating layer formed on the 1st a little more than magnetic layer, and 
the 2nd a little more than magnetic layer formed on the tunnel insulating layer with the 2nd 
ferromagnetic which contains at least a kind of element chosen from Fe, Co, and nickel, It has an 
insulating layer surrounding the perimeter of the 1st a little more than magnetic layer, a tunnel 
insulating layer, and the 2nd a little more than magnetic layer, and the above-mentioned insulator 
layer is characterized by providing the 1st ferromagnetic and the compound layer of a halogen, and 
the 2nd a little more than magnetic layer and the compound layer of a halogen. 
[0037] Since the insulating layer surrounding the perimeter of a side face of the 1st a little more than 
magnetic layer, a tunnel insulating layer, and the 2nd a little more than magnetic layer is formed in 
the halogenated compound layer according to the magnetic random access memory of above- 
mentioned this invention, the magnetic-substance patterning approach using a halogenation reaction 
without etching can be adopted, and component formation can be performed. Therefore, there is no 
leak accompanying etching and MRAM with a high degree of integration can be offered at a large 
area package process. 
[0038] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained, 
referring to a drawing. 

[0039] [Gestalt of the 1st operation] Drawing 1 (a) is the part plan showing the structure of the 
magnetic-recording medium of the gestalt of this operation, and drawing 1 (b) is the perspective 
view. 

[0040] The magnetic-recording medium concerning the gestalt of operation of the 1st of this 
invention As it is the so-called pattern DOMEDIA and is shown in drawing 1 (a) and drawing 1 (b) 
Ferromagnetic field 20A containing Fe, Co, or nickel which has a recording layer in the upper layer 
of a substrate 10, and has the scattered outcrop of this recording layer in the upper layer at least, It 
has the non- ferromagnetic field 40 of this ferromagnetic field 20A which surrounds the perimeter of 
a management at least, and each substantial record section is mutually separated by the non- 
ferromagnetic field 40, respectively. In addition, a non-ferromagnetic field is a field which 
disappeared the magnetism as a ferromagnetic at least, and the field which shows a non-magnetic- 
material, diamagnetic-material, or paramagnetic-material-property is said here. 
[0041] This non-ferromagnetic field 40 makes the layer of the same component as ferromagnetic 
field 20A react to activity reactant gas and a chemistry target, is made to form into un- 
ferromagnetism, and contains in that presentation either of the presentations which are common in 
ferromagnetic field 20 A, i.e., Fe, Co, and nickel. 

[0042] Since according to the magnetic-recording medium of the gestalt of the 1st operation a CMP 
process can also be skipped while etching processes, such as such ion milling needed with the 
conventional pattern DOMEDIA making process, are unnecessary, simplification of a large process 
is attained. Furthermore, since the damage accompanying processes, such as ion milling, can also be 
lost, improvement in magnetic properties can be aimed at. 

[0043] Hereafter, the structure and its manufacture approach of a magnetic-recording medium of this 
operation are explained more concretely. [ of a gestalt ] 

[0044] As shown in drawing 1 (a), in the front face of a magnetic-recording medium, ferromagnetic 
field 20A is arranged regularly at fixed interval, and the non- ferromagnetic field 40 is formed in the 
perimeter. Each ferromagnetic field 20A constitutes 1 record bit which is a record unit. Although it is 
desirable to make it the field which became independent completely, respectively as for each 
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ferromagnetic field 20A, the management of ferromagnetic field 20A should just be having the 
perimeter surrounded by the non-ferromagnetic field 40 at least, as shown in drawing 1 (b). Thereby, 
each record section is separated substantially. Each magnetic-substance field 20A may be 80nm or 
less desirably below lOOnm angle, respectively so that the magnetization direction may be in the 
single domain condition which was equal to the one direction. In addition, the configuration of each 
ferromagnetic field 20A is not restricted to a rectangle, but is made to various configurations. For 
example, it is good also as a round shape, an ellipse form, etc. 

[0045] Although either a longitudinal recording method or a vertical recording method is OK as the 
recording method to ferromagnetic field 20A, for realizing high recording density, it is desirable to 
take a vertical recording method. 

[0046] Ferromagnetic field 20A contains in the presentation one element of Fe(s), nickel, and Co(es) 
which are a ferromagnetic material, for example, consists of the crystal ingredient of a nickel-Fe 
system or a Fe-aluminum-Si system, the amorphous material of Co radical of a Co-Zr-Nb system, Fe 
system microcrystal ingredient of a Fe-Ta-N system, Fe and Co, Fe-Co, Co-Cr, a Ba ferrite, etc. 
Among these, it is desirable to form with ingredients, such as alloy systems, such as big CoPt of a 
perpendicular magnetic anisotropy, CoCrPt, FeCo, FePd, and FePt, or Co/Pd, and a Co/Pt artificial 
grid. 

[0047] Moreover, the non- ferromagnetic field 40 made the layer of the same presentation as 
ferromagnetic field 20A mentioned above halogenate. For example, as a thing made to halogenate, 
CoF2, CoF3, FeF2, FeF3, and NiF2 can be mentioned. Although these are all diamagnetism 
ingredients, if CoF3 and FeF3 are removed, since it is low, magnetic phase transition temperature 
(TN) shows a paramagnetism in a room temperature. 

[0048] Drawing 2 (a) to drawing 2 (c) is process drawing showing the manufacture approach of the 
magnetic-recording medium concerning the gestalt of this operation. 

[0049] First, the ferromagnetic layer 20 of about lOnm - 50nm of thickness is formed by approaches, 
such as a spatter, on the substrates 10, such as Si substrate, so that drawing 2 (a) may be referred to. 
On the substrate 10 with which this ferromagnetic layer 20 was formed, a resist 30 is coated by a 
spin coater etc. Especially limitation does not have the thickness of a resist 30. What is necessary is 
just the thickness which can cover the front face of the ferromagnetic layer 20 without a pinhole. A 
resist 30 is alternatively exposed using EB drawing etc., and the resist pattern equivalent to the flat- 
surface pattern of drawing 1 (a) is formed through a development process. That is, the front face of 
the part which it leaves as a ferromagnetic field is covered with a resist 30, and the other part is 
exposed. Then, what finished patterning of a resist is put into the activity reactant gas containing a 
halogen. 

[0050] As reactant gas containing a halogen, the gas of CF4, CHF3, CH2F2, C2F6, C4F8, SF6 and 
C12, CC12F2, CF3I, and C2F4 grade can be used, for example. 

[0051] In addition, it is desirable activity [ as a gestalt of activity reactant gas ] to suppose that it is 
radical. Although there are various approaches among the generating approaches of a radical, 
existing plasma-CVD equipment and an existing dry etching system can be used, for example. If 
reactant gas is introduced in the chamber of these equipments, high-frequency voltage is applied and 
the plasma is generated, the electron by which electric-field acceleration was carried out collides 
with reactant gas, reactant gas is separated, and a chemical very activity radical can be generated. 
Although ordinary temperature is sufficient as substrate temperature, it may be heated in the range 
which does not affect the magnetism of a ferromagnetic field in order to raise a reaction rate more. 
[0052] As an example suitable as a plasma generator, inductively-coupled-plasma (ICPrlnductive 
Coupled Plasma) equipment is mentioned, for example. ICP equipment is equipped with PlatenRF 
with the function to guide the plasma to a substrate side apart from CoilRF which mainly has a 
plasma generating function, and an output setup is separately possible for these. For example, while 
generating the high density plasma suitable for radical reaction by setting CoilRF as 300W and 
setting PlatenRF as 0W, in order not to give a damage to a medium front face, it becomes possible to 
suppress the effectiveness of a spatter to the minimum. In addition, in order to prevent the spatter on 
the front face of a medium, the pressure in a reactor is heightened a little, for example, is more 
preferably set to about 20 mtorr(s) ten to 30 mtorr. Moreover, when using CF4 as reactant gas, a 
quantity of gas flow is preferably set to about 20 sccm(s) ten to 50 seem. 
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[0053] For example, as shown in drawing 2 (a), when the ferromagnetic layer 20 which is not 
covered by activity F radical generated from CF4 gas at a resist 30 is put, ferromagnetic layer 20 
exposed front face is gradually halogenated in the depth direction by F radical. 
[0054] In this way, as shown in drawing 2 (b), the halogenated field serves as a halide layer, 
disappears magnetism and turns into the non-ferromagnetic field 40. On the other hand, the field 
where the front face is covered with the resist 30 is set to ferromagnetic field 20A. In addition, 
although it is desirable to consider as the almost same depth as the ferromagnetic layer 20 as for the 
depth of the non-ferromagnetic field 40, it is not necessarily the same depth, for example, let it be the 
2/3 or more depth to the thickness of the ferromagnetic layer 20 more preferably than 1/2 or more. 
[0055] In addition, there is no need of being not necessarily a dry process, and the same result is 
obtained also by wet process. For example, CoC13 grade may be made to halogenate using a HC1 
solution. 

[0056] If exfoliation removal of the resist 30 which remained is carried out at the end, pattern 
DOMEDIA shown in drawing 2 (c) and drawing 1 (a), and drawing 1 (b) can be obtained. In 
addition, ashing required with the oxygen plasma can be used for exfoliation removal of a resist. 
[0057] According to the manufacture approach concerning the gestalt of the 1st operation mentioned 
above, pattern DOMEDIA which surrounded the record section of the ferromagnetic layer 20 in the 
non- ferromagnetic field 40 which is a halogenation metal can be obtained. For example, the 
halogenation reaction generated. The magnetic phase transition temperature (Tn) of CoF2 which is 
the non- ferromagnetic field 40, and NiF2 is each. It is very as low as 38K and 73K. Therefore, at the 
room temperature, since there is no magnetic interaction between contiguity record bits in order to 
certainly show a paramagnetism, and contiguity magnetic recording is isolated, it is suitable for 
pattern DOMEDIA. 

[0058] On the other hand, Tn(s) of CoO obtained by oxidation reaction or NiO which are the non- 
magnetic-material fields of discrete media or pattern DOMEDIA indicated by already explained 
JP,5-205157,A and the United States patent number 6,169,845 are Tn=291K and 548K, respectively. 
Therefore, the metal oxide generated by oxidation reaction shows antiferromagnetism at a room 
temperature. By the medium by which the ferromagnetic was embedded at the antiferromagnetic 
substance, it may not have been magnetically isolated completely by the ferromagnetic layer, but it 
may have a bad influence on the magnetic recording of a contiguity record bit. For example, when 
the same signal is recorded on a contiguity bit, possibility that storage will disappear by flux reversal 
is large. 

[0059] Therefore, pattern DOMEDIA which has the non-magnetic-material field obtained by the 
halogenation reaction concerning the gestalt of the 1 st operation can acquire better magnetic 
properties compared with pattern DOMEDIA which has the non-magnetic-material field obtained by 
oxidation reaction. 

[0060] Moreover, generally, as represented in CaF2 (fluorite), since ionic crystal nature is strong, 
halide, especially a fluoride tend to obtain a crystal with a good stacking tendency. It is refractory in 
water and chemically stable. When the fluoride and oxide of the same metal are compared, the bond 
dissociation energy (D) of a fluoride is larger generally. For example, D of MgF2 is 51 1 .7 kJ/mol 
and D of MgO is 336.8 kJ/mol. Therefore, a fluoride can expect stability higher than an oxide. 
[0061] Furthermore, the good stacking tendency of a fluoride arranges the particle diameter of 
adjoining ferromagnetic field 20 A, and can also expect the effectiveness of improving the magnetic 
properties of a ferromagnetic field more. 

[0062] In addition, although the lattice constant of a c-axis is ****** of 4.124, since the lattice 
constant of the c-axis of a fluoride CoF2 has opposite ** as small as 3.180, CoO which is an oxide 
does not almost have cubical expansion which is produced in oxidation reaction. Therefore, there is 
little generating of the irregularity by existence of a halogenation field, and it shows very good 
smooth nature. 

[0063] According to the manufacture approach concerning the gestalt of the 1st operation mentioned 
above, since the front face of the ferromagnetic layer 20 is not etched, the surface height of the non- 
ferromagnetic field 40 and ferromagnetic field 20A is almost equal, and the smooth front face at the 
time of reaction initiation is maintained mostly. Therefore, since the process which graduates the 
front face by CMP by the final process is not needed like [ in the case of producing pattern 
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DOMEDIA using ion milling like before ], a production process can be shortened sharply. 
[0064] Moreover, although the effect of the damage by ion milling remains in the processing front 
face of a ferromagnetic field, for example, the side attachment wall, when ion milling is used, 
according to the approach of the gestalt the 1st operation, there is nothing that are mentioned above 
and for which ferromagnetic field 20A receives such a damage. Therefore, it is hard to produce 
property degradation of ferromagnetic field 20A resulting from a process. 
[0065] Furthermore, by the conventional patterning approach which used the oxidation reaction 
mentioned above, since metals, such as Ti with mainly high oxidation resistance, and the inorganic 
film of Si02 grade are used as a mask, after oxidation reaction, since these masks are exfoliated, a 
RIE process is required, and a part of medium front face may receive a damage by the spatter at this 
time. On the other hand, by the patterning approach of the magnetic substance concerning the gestalt 
of the 1st operation, since the halogenation reaction is used, a common resist mask can be used and, 
moreover, the damage on the front face of a medium can exfoliate a resist simple by very small 
oxygen ashing. 

[0066] Furthermore, according to the manufacture approach of the gestalt the 1st operation, since 
[ which is mentioned above ] the configuration of ferromagnetic field 20A is not dependent on resist 
thickness, resist thickness can be made thin, for this reason, a jib — a thin resist pattern with a 
thickness [ of the shape of a dot using the self-organizing phenomenon (phase separation 
phenomenon) of a lock copolymer ] of about 20nm can also be used, what a block copolymer is a 
copolymer which consists of a straight chain polymer which makes two or more homopolymers a 
constituent, and two kinds of especially polymers combined chemically — a jib — it is called a lock 
copolymer, for example, the jib which consists of polystyrene (PS) generally used to an optical disk 
substrate etc. as such resist material, and polymethylmethacrylate (PMMA) — a lock copolymer etc. 
can be used. 

[0067] Although a block copolymer can form various structures easily by controlling a presentation 
ratio and molecular weight, if the liquids and solutions which mixed polymethylmethacrylate 
(PMMA) with polystyrene (PS) are coated on the ferromagnetic layer 20 for example, the sea island 
structure which carried out phase separation to the "sea" field which consists of an "island"-like field 
which consists of PMMA, and PS can be obtained. If this is exposed into ozone and PS is made to 
evaporate alternatively, the thickness of 20nm of regular PMMA and the dot pattern below diameter 
40nm can be obtained. That is, the dot pattern of magnitude suitable for formation of pattern 
DOMEDIA can be formed collectively. 

[0068] Although it is difficult to use such a thin resist by the approach using the conventional ion 
beam milling, by the approach of the gestalt the 1st operation using chemical technique, it can fully 
be used as a resist, this jib — if patterning of a resist is performed using the self-organizing 
phenomenon of a lock copolymer, since patterning of the resist by EB drawing which requires long 
duration will become unnecessary, it becomes a means very effective in simplification of a process. 
[0069] Thus, according to the magnetic-recording medium of the gestalt of the 1st operation, in 
addition to the cross talk from the outstanding heat fluctuation resistance which the pattern 
DOMEDIA structure itself has, and a contiguity bit, and the screening effect of partialness erasion, 
improvement in the magnetic properties by reduction of the damage received into a production 
process and shortening of a process can be attained. 

[0070] In order to check the effectiveness of pattern DOMEDIA concerning the gestalt of the 1st 
operation hereafter, the example which the artificer etc. performed is explained. 
[0071] (Example 1) First, 20nm of CoPt(s) was formed on Si substrate by the spatter, and the MFM 
(magnetic force microscope) image on this front face of a sample was observed. The image of a 
vertical-magnetic-recording medium with the good arabesque design of the contrast which is the 
magnetic pattern of a typical ferromagnetic was observed. When the vertical hysteresis curve was 
measured by VSM (oscillating sample mold magnetometer), the curve of the remanence ratio 0.49 as 
shown in drawing 3 (a), and coercive force 1 500Oe was obtained. 

[0072] Then, the presentation on the front face of a sample was analyzed using XPS (X-ray 
photoelectron spectroscopy). Binding energy = 778eV The peak peculiar to Co was observed. 
Moreover, although the peak (781eV) of CoO was also checked by coincidence, this is based on the 
natural oxidation by the oxygen in atmospheric air. Moreover, two peaks peculiar to Pt were also 
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observed by 70-75eV. 

[0073] Next, the sample which formed 20nm of CoPt(s) on Si substrate by the spatter similarly was 
paid in the seal chamber, the plasma was generated within the chamber, CF4 gas was introduced 
here, and F radical was made to generate. In this way, the sample front face was exposed to F radical 
for about 30 seconds. In addition, sample temperature at this time was made into the room 
temperature. 

[0074] Then, it is 778eV when the presentation on the front face of a sample was analyzed using 
XPS (X-ray photoelectron spectroscopy). (Co) 781eV (CoO) Both peaks disappear and it is newly 
783eV. The peak (cobalt fluoride) was observed. In addition, the peak shift was not observed by Pt 
peak. This is exposed to F radical and it is shown that the front face deteriorated in cobalt fluoride 
certainly. 

[0075] Furthermore, when the presentation on the front face of a sample was analyzed using AES 
(scanning Auger-electron-spectroscopy equipment), it has checked that CoPt was changing to cobalt 
fluoride. By observing aging of the peak of cobalt fluoride, carrying out a spatter, it turned out that 
cobalt fluoride exists from a medium front face to a depth of about lOnm. When lengthening F 
radical exposure period furthermore (10 minutes), the thing which is the thickness of CoPt and for 
which-izing of the 20nm of all can be carried out [ halide ] has also been checked. 
[0076] Moreover, when the MFM image on the front face of a sample was observed, the typical 
MFM image seen when magnetization disappears was observed. 

[0077] When this sample was observed by VSM, the data of a typical paramagnetic material as 
shown in drawing 3 (b) were obtained. Although CoF2 is originally diamagnetic material, since Neel 
temperature is very low, it is for carrying out behavior like paramagnetic material at a room 
temperature. 

[0078] It has checked that the CoPt film which is a ferromagnetic layer was halide-ized for a short 
time, and disappeared the MAG by being exposed to F radical from this result. 
[0079] (Example 2) CoF2 which is diamagnetic material The sample of pattern DOMEDIA which 
enclosed CoPt which is a ferromagnetic was manufactured. That is, after forming 20nm of CoPt(s) 
on Si substrate by the spatter first, on this CoPt film, with the spin coat, the resist with a thickness of 
about 1.0 micrometers was applied and one-shot exposure and a resist pattern as shown in drawing 4 
(a) through the process of development were formed. In addition, size of each ferromagnetic field in 
a surface layer was used as 2.0-micrometer angle here. 

[0080] This sample front face was exposed for about 30 seconds into F radical generated on the same 
conditions as an example 1 with the room temperature. Then, the resist was removed using oxygen 
Usher. 

[0081] When the MFM image of this sample was observed, the magnetic pattern equivalent to a 
resist pattern as shown in drawing 4 (b) was able to be obtained. That is, about the field covered with 
the resist film, the MFM image of a ferromagnetic with a typical perpendicular magnetic anisotropy 
was observed, and the typical MFM image seen when magnetization disappears was observed in the 
field which the CoPt side had exposed. 

[0082] Moreover, when the field which the CoPt side had exposed was analyzed using XPS, it has 
checked that CoPt was changing to halide. In addition, although the presentation is identified here 
using XPS, it can also check using surface analysis equipments, such as AES and SIMS (secondary- 
ion-mass-spectroscopy equipment). 

[0083] In this way, irregularity did not have the obtained sample in a front face, and although it was 
a continuation thin film uniformly, as magnetically shown in drawing 1 (a) or drawing 1 (b), it has 
checked that it was pattern DOMEDIA which ferromagnetic field 20A isolated to the surface layer at 
least arranged regularly all over the non-ferromagnetic field 40. 

[0084] (Example 3) In order to form a ferromagnetic field pattern more detailed than the example 2 
mentioned above, EB (electron beam) drawing was performed on the occasion of exposure of a 
resist. In this way, the ferromagnetic field pattern with detailed about 80nm angle was formed. About 
conditions other than this, the sample was produced using the same conditions as the conditions of 
the example 2 mentioned above. Namely, after forming 20nm of CoPt(s) on Si substrate by the 
spatter, NEGAREJISUTO was coated on this, the detailed resist pattern was formed by EB drawing, 
and it was exposed for about 30 seconds into F radical at the room temperature. Then, the resist was 
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removed. 

[0085] When the obtained sample was observed by MFM, the monochrome image was obtained in 
the ferromagnetic field. That is, when the ferromagnetic field was made small to 80nm angle size 
extent, it has checked that a single domain condition was formed in this field. When vertical 
magnetic properties were observed by VSM, a remanence ratio 1.00 and coercive force 4500Oe were 
obtained. In an example 1, it is 3 times this value of this in twice and coercive force at a remanence 
ratio as compared with the VSM curve of the CoPt film after the spatter which was not exposed to F 
radical, and improvement in magnetic properties was found. Moreover, these magnetic properties 
were the examples 1 of a comparison mentioned later, and even if compared with pattern DOMEDIA 
of the same size produced by the conventional approach, they have checked that the better property 
was acquired. 

[0086] (Example 4) 30nm of CoPt(s) was formed on Si substrate by the spatter. Then, it was left 
under the oxygen ambient atmosphere on the 1st, and the CoPt front face was oxidized. When the 
front face was observed by XPS, the peak (781eV) of CoO was checked. 
[0087] Then, on this CoPt film, with the spin coat, the resist with a thickness of about 1.0 
micrometers was applied and the rectangle resist pattern of one-shot exposure and two or more 2.0- 
micrometer angles as shown in drawing 4 (a) through the process of development was formed. 
[0088] This sample front face was exposed for about 30 seconds into F radical generated on the same 
conditions as an example 1 with the room temperature. Then, the resist was removed using oxygen 
Usher. 

[0089] When the MFM image of this sample was observed, the magnetic pattern equivalent to a 
resist pattern as shown in drawing 4 (b) was able to be obtained. That is, about the field covered with 
the resist film, the MFM image of a ferromagnetic with a typical perpendicular magnetic anisotropy 
was observed, and the typical MFM image seen when magnetization disappears was observed in the 
field which the CoPt side had exposed. By the concavo-convex image (the same thing as an AFM 
irregularity image) measured by coincidence, irregularity was hardly observed. 
[0090] Moreover, when the field which the CoPt side had exposed was analyzed using XPS, it has 
checked that CoPt was changing to halide. 

[0091] Consequently, also when the reaction front face had carried out natural oxidation beforehand, 
the substitution reaction of a subsequent fluorine radical showed that a halide layer could be 
obtained. Moreover, the medium front face found that formation of pattern DOMEDIA which does 
not almost have irregularity was possible by this approach. 

[0092] (Example 1 of a comparison) As an example of a comparison, the sample was produced 
according to the process of conventional general pattern DOMEDIA. That is, after forming 20nm of 
CoPt(s) on Si substrate by the spatter, the front face was coated with NEGAREJISUTO and the 
pattern which is equivalent to the ferromagnetic field of 80nm angle like an example 3 was formed 
by EB drawing. Then, the sample front face was etched into homogeneity by Ar ion beam milling. In 
the place which etched about 20nm of CoPt(s) of the field which is not covered with a resist, the 
remaining resist was removed by 02 ashing. Then, the front face was covered so that the slot of CoPt 
which formed Si02 [ 20nm ] by the spatter, and was formed of ion milling might be filled. 
Furthermore, CMP processing was performed and the front face was ground. In this way, pattern 
DOMEDIA which enclosed CoPt which is the ferromagnetic field of about 80nm angle 
independently by Si02, respectively was obtained. That is, the produced sample is equivalent to that 
from which the halide section of the sample produced in the example 3 was set to Si02. 
[0093] When the CoPt part was observed, it was almost the same as the magnetic image of the 
example 2 which used size of a ferromagnetic field as 2-micrometer angle at MFM. When vertical 
magnetic properties were observed by VSM, as for the remanence ratio, 0.70 and coercive force 
2000Oe were obtained. Although this value was improving compared with the magnetic properties 
of the continuation film of CoPt immediately after a spatter which is an example 1 and did not 
perform F radical exposure, as compared with pattern DOMEDIA which has the ferromagnetic field 
of the same size of an example 3, that magnetic property was inferior. 
[0094] (Result) From contrast with an example 3 and the example of a comparison, pattern 
DOMEDIA of an example 3 has checked the production process is not only simple, but that could 
improve the magnetic properties of a ferromagnetic field as compared with pattern DOMEDIA of the 
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example of a comparison. 

[0095] By the sample of the example of a comparison, since the chemical approach without a 
physical damage is used by the sample of an example 3 to the processing front face of a 
ferromagnetic field having received the damage not a little since it is processed using ion beam 
milling, it is considered to be one of the reason of the that there is no damage in a ferromagnetic 
front face. 

[0096] halide is moreover, like [ although CoPt is halide-ized and the non- ferromagnetic field is 
formed in pattern DOMEDIA of an example 3 ] Si02 which is an ionicity crystal and forms the non- 
magnetic-material field of pattern DOMEDIA of the example of a comparison — it is not amorphous 
(amorphous substance). Therefore, the good stacking tendency of this ionicity crystal arranges the 
particle size of CoPt of an adjoining ferromagnetic field, and is considered to be the factor which 
raises magnetic properties more. 

[0097] Moreover, from the result of an example 4, when the halogenation reaction was used for 
formation of a non-magnetic-material field, it has checked filling enough the smooth nature for 
which an HDD medium is asked, i.e., the concavo-convex range of 0.8nm or less. 
[0098] [Gestalt of the 2nd operation] Drawing 5 is the sectional view showing the structure of 
pattern DOMEDIA concerning the gestalt of the 2nd operation. 

[0099] The chemical approach as the approach explained to the gestalt of the 1 st operation also with 
the pattern DOMEDIA same [ the formation approach of a non-ferromagnetic field ] concerning the 
gestalt of the 2nd operation is used. A different point from the gestalt of the 1st operation is a point 
which forms the artificial grid film instead of forming the ferromagnetic thin film of a monolayer on 
Si substrate. What carried out the laminating of two or more layers, such as a ferromagnetic layer 
and a metal layer, to the artificial grid film regularly by turns, for example, carried out the laminating 
of Co, Pt, or Co and Pd to it by turns is known. If such artificial grid film is used, high coercive force 
can be acquired. The configurations and the manufacture approaches other than this are common in 
the approach of the gestalt the 1st operation. 

[0100] In order to form pattern DOMEDIA concerning the gestalt of the 2nd operation, as shown in 
drawing 5 , the artificial grid film which carried out the laminating of Co film and the Pt film by 
turns is first formed by approaches, such as a spatter, on a substrate 10. For example, the thickness of 
Co layer sets 0.2nm - l.Onm to 0.5nm preferably. Moreover, the thickness of Pt layer sets 0.5nm - 
2.0nm to 1.0-2.0nm preferably. Moreover, about ten layers and Pt number of layers make [ more / 
much more ] the number of layers of each class than Co number of layers. 
[0101] The next process is the same as that of the case of the gestalt of the 1st operation 
fundamentally, forms a resist on the artificial grid film 21, exposes a resist alternatively using EB 
drawing etc., and forms the resist pattern equivalent to the part which remains as a ferromagnetic 
field through a development process. Then, artificial grid film 21 front face which formed the resist 
pattern in activity reactant gas or reaction mixture is put. 

[0102] For example, if artificial grid film 21 front face in which the resist pattern was formed is put 
to F radical, F radical will halogenate artificial grid film 21 exposed front face, and will form the 
halide field 25. 

[0103] The structure by which the laminating was carried out regularly, especially its interface are 
important for an artificial grid, therefore, if physical damage and chemical presentation change are 
added even if it is one layer in a laminated structure, since the magnetism about an up-and-down 
laminating part will be lost, it is shown in drawing 5 — as — the halide field 25 — the artificial grid 
film 21 — it is very good only by the film of a surface layer. 

[0104] The rest can obtain pattern DOMEDIA which has the non- ferromagnetic field 40 which 
surrounds ferromagnetic field 20A which consists of artificial grid film, and this field like drawing 1 
(a), if the resist which remained is removed. 

[0105] By the conventional approach using ion beam milling, in order for a damage to join the 
processing front face of a ferromagnetic field, it is difficult to form pattern DOMEDIA using the 
artificial grid with which few damages influence magnetic property, but if the approach concerning 
the gestalt of the 2nd operation is used, production of pattern DOMEDIA using the artificial grid 
film will become easy, so that it may mention above. 

[0106] in addition, patterning of the resist using EB drawing since the thin resist film was used as 
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explained to the gestalt of the 1st operation also in this case — replacing with — a jib — the regist- 
patterning method using the self-organizing phenomenon of a lock copolymer can be used. 
[0107] In order to check the effectiveness of pattern DOMEDIA which used the artificial grid film 
concerning the gestalt of the 2nd operation hereafter, the example which the artificer etc. performed 
is explained. 

[0108] (Example 5) First, on Si substrate, the spatter was used, the ten-layer laminating of Co film of 
4.4nm of thickness and the Pt film of 9.5nm of thickness was carried out by turns, and the artificial 
grid film was formed. In this condition, when MFM was observed, the magnetic pattern peculiar to a 
ferromagnetic with a perpendicular magnetic anisotropy was observed. Moreover, when vertical 
magnetic properties were observed by VSM, a remanence ratio 0.8 and coercive force 2000Oe were 
obtained. 

[0109] Then, the resist of 1 .0 micrometers of thickness was coated on the artificial grid film, the 
ferromagnetic field pattern with detailed about 80nm angle was formed by EB drawing, it put to F 
radical about about 30 seconds at the room temperature by the same conditions as an example 1, and 
the exposed partial front face was halogenated. Then, the resist which remained was removed. 
[01 10] In this way, when the MFM image of the obtained sample was observed, it has checked by 
the contrast ratio with high existence of a ferromagnetic field and a non-ferromagnetic field. This 
contrast ratio was higher than what was obtained in the example 3. Moreover, about the 
ferromagnetic field, the monochrome image was formed and it was also checked that single domain- 
ization is made. In this part, when vertical magnetic properties were observed by VSM, a remanence 
ratio 1.00 and coercive force 5000Oe were obtained. 

[01 1 1] Thus, when pattern DOMEDIA was formed using the artificial grid film, it has checked that 
S/N still higher than the case where the monolayer of CoPt is used was obtained. 
[0112] (Example 6) On the same conditions as an example 5, after forming the artificial grid film on 
a substrate, the liquids and solutions which mixed polymethylmethacrylate (PMMA) with 
polystyrene (PS) were coated on the artificial grid film, phase separation was carried out to the "sea" 
field which consists of an "island"-like field which consists of PMMA, and PS, and sea-island- 
structure formation was carried out. This was exposed into ozone, PS was evaporated alternatively, 
and the dot pattern of PMMA with a thickness [ of about 20nm ] and a diameter of about 40nm was 
formed. 

[01 13] Then, this sample was put to F radical about about 30 seconds at the room temperature, and 
the exposed partial front face was halogenated. Then, PMMA which remained was removed. 
[0114] When the MFM image of the obtained sample was observed, the field covered with PMMA 
formed the ferromagnetic field of a single domain, and it has checked that the other field was a non- 
ferromagnetic field. 

[01 15] thus, the jib in which only 20nm concavo-convex level differences are according to the 
approach concerning the gestalt of this operation — it has checked that pattern DOMEDIA which has 
a detailed ferromagnetic field using the resist pattern using the phase separation phenomenon by self- 
organizing of a lock copolymer was producible. 

[0116] EB drawing this [ whose ] requires long duration — replacing with — a jib — it is using the 
patterning approach of a resist using the phase separation of a lock copolymer, and means that the 
patterning process of a resist can be shortened sharply. 

[01 17] [Gestalt of the 3rd operation] The gestalt of the 3rd operation is related with an approach to 
write in the servo information on the servo field on a magnetic-recording medium. The patterning 
approach of the magnetic substance using the halogenation reaction explained with the gestalt of the 
1st operation can also be used as an approach of the writing of the servo information not only when 
^forming pattern DOMEDIA, but on a servo field being put in block, and performing it. 
[0118] That is, the front face of a recording layer in which the ferromagnetic layer was formed is 
coated with a resist by the magnetic-recording medium concerning the gestalt of the 3rd operation, 
and the opening pattern equivalent to a servo signal pattern is formed in the part used as a servo 
field, the wedge-action-die pattern 65 as the servo signal pattern generally used and been easy to be 
shown in drawing 6 (a) — about the same poor thing as plurality — or what formed the pattern 66 
alternately with right and left as shown in drawing 6 (b) is half-pitch ** carried out up and down, and 
a 2 **** poor thing etc. is formed. 
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[01 19] A magnetic-recording medium is exposed to the inside of activity reactant gas, for example, F 
radical, on the same conditions as the gestalt of the 1st operation after resist pattern formation, the 
ferromagnetic layer of the opening part of a resist pattern is halide-ized, and it is made to change to a 
non-ferromagnetic field. If a resist is removed, the magnetic pattern equivalent to a resist pattern can 
be formed in the servo field on a magnetic-recording medium. 

[0120] In addition, be [ what is necessary / just since the magnetic pattern formed in a servo field can 
be checked as magnetic information ], it does not ask which which of the inside of a pattern or an 
outside is made into a ferromagnetic field, and is made into a non- ferromagnetic field. 
[0121] If servo information is written in using this approach, since the writing to each field can be 
performed at a package process, the time amount which the writing of servo information takes can be 
shortened sharply. 

[0122] Furthermore, even if the magnetic head of an approach [ to write in the servo information 
concerning the gestalt of implementation of the above 3rd ] is in which location on a disk, it is 
applicable also to the servo information write-in approach of the magnetic-recording medium of the 
continuation servo system which can always take out a servo signal. The magnetic-recording 
medium which formed in the provisional-publication-of-a-patent P2000 No. -19200 official report 
the servo pattern located in the neighbors of a recording track all over the magnetic-recording 
medium as a magnetic-recording medium of a continuation servo system, for example is indicated. 
Although not touched by the formation approach of a servo pattern concrete only in describing that it 
is preformatted using a photolithography technique and thin film coating technology in this official 
report, the servo pattern used for this continuation servo system can be formed by the formation 
approach of pattern DOMEDIA concerning the gestalt of the 1st operation, and the same approach. 
[0123] Drawing 7 shows an example of the servo pattern formed in the medium of a continuation 
servo system. As shown in this drawing, periodically, the servo pattern 81 is shifted a semicircle 
term on both sides of each recording track 82 in which a record section is formed, and is arranged on 
them. In addition, the configuration of the servo pattern 81 may not necessarily be restricted to the 
illustrated dot, and may be a rectangle and a major-axis pattern. 

[0124] in addition, the jib which already explained the dot pattern 81 arranged regularly at the both 
sides of a recording track 82 — it is also possible to carry out patterning using the regular dot-like 
resist pattern which used and formed the self-organizing phenomenon (phase separation 
phenomenon) of a lock copolymer. In this case, since a very detailed pattern is put in block all over a 
record medium and can be formed, without using an electron beam lithography etc., simplification of 
a large process can be attained and formation of the magnetic-recording medium of a continuation 
servo system becomes easy. 

[0125] In addition, there may not be especially limitation about the recording method or structure of 
a recording layer of a record medium concerning the gestalt of the 3rd operation, and you may be the 
recording layer of the usual longitudinal recording method, and may be the recording layer of a 
vertical recording method. Moreover, the continuation film or artificial grid film of a monolayer is 
sufficient, or the 1st and pattern DOMEDIA which was explained to the gestalt of the 2nd operation 
are sufficient. When forming pattern DOMEDIA, servo information can be written in formation and 
coincidence of pattern DOMEDIA. 

[0126] Hereafter, the example concerning the gestalt of the 3rd operation which the artificer etc. 
performed is explained. 

[0127] (Example 7) The sample was produced on the same conditions as an example 2 except having 
formed the resist pattern equivalent to the opening pattern 65 of a wedge action die shown by 
drawing 6 (a). That is, after forming 20nm of CoPt(s) on Si substrate by the spatter, on this CoPt 
film, with the spin coat, the resist with a thickness of about 1.0 micrometers was applied and one- 
shot exposure and the opening pattern 65 of a wedge action die shown in drawing 6 (a) through the 
process of development were formed. Continuously, the sample front face was exposed for about 30 
seconds into F radical with the room temperature. Then, the resist was removed using oxygen Usher. 

[0128] It has checked that only CoPt of the opening part of a resist put to F radical had changed 
chemically to the antiferromagnetic substance (CoF2) by XPS. Moreover, when observed by MFM, 
the magnetic image of the wedge pattern equivalent to a resist pattern was obtained. 
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[0129] It has checked that it could bundle up to a large area and the writing of servo information, i.e., 
tracking servo information, could be performed by using the patterning approach of the magnetic 
substance concerning the gestalt of the 3rd operation from this result. 

[0130] (Example 8) What changed into the rectangle configuration the servo pattern 81 shown by 
drawing 7 was produced. The sample was produced on the same conditions as an example 2 except 
having formed the opening pattern corresponding to a servo pattern by the resist. After forming 
20nm of CoPt(s) on Si substrate by the spatter, on this CoPt film, with the spin coat, the resist with a 
thickness of about 1.0 micrometers was applied and the rectangular opening pattern was formed 
through one-shot exposure and the process of development. Continuously, the sample front face was 
exposed for about 30 seconds into F radical with the room temperature. Then, the resist was removed 
using oxygen Usher. 

[0131] It has checked that only CoPt of the opening part of a resist put to F radical had changed 
chemically to CoF2 by XPS. Moreover, when observed by MFM, the magnetic image of the 
rectangle pattern equivalent to a resist pattern was obtained. 

[0132] It has checked that it could bundle up to a large area and servo information, i.e., tracking 
servo information, could be recorded by using the patterning approach of the magnetic substance 
concerning the gestalt of the 3rd operation from this result. 

[0133] [Gestalt of the 4th operation] The gestalt of the 4th operation is related with the structure and 
its manufacture approach of a magnetic-recording medium of a depths servo system. 
[0134] The magnetic-recording medium structure of the depths servo system which starts the gestalt 
of the 4th operation at drawing 8 is shown. 

[0135] The ferromagnetic layer 64 is formed on a substrate 15, and the non- ferromagnetic field 62 
which has a servo information pattern in the surface layer is formed. The servo layer 60 is 
constituted by this ferromagnetic layer 64 and the non-ferromagnetic field 62. On the servo layer 60, 
the ferromagnetic layer 25 which is a recording layer is formed through the non-magnetic-material 
layer 70. 

[0136] Drawing 9 (a) - drawing 9 (e) are process drawings showing the manufacture approach of the 
magnetic-recording medium concerning the gestalt of the 4th operation. 

[0137] The formation approach of a servo layer uses the same chemical approach as the production 
approach of pattern DOMEDIA of the gestalt the 1st operation fundamentally. That is, first, as 
shown in drawing 9 (a), the ferromagnetic layer 64 is formed on a substrate 15 using a spatter etc. 
The various ferromagnetic materials containing Co, nickel, and Fe can be used for this ferromagnetic 
layer 64 like the ferromagnetic layer 20 of the gestalt of the 1st operation. Moreover, artificial grid 
film which was explained with the gestalt of the 2nd operation may be formed. 
[0138] Next, the resist film is coated on the ferromagnetic layer 64, and the resist pattern 32 
equivalent to servo information is formed all over a substrate on the ferromagnetic layer 64 through 
one-shot exposure and a development process. Although especially the resist pattern 32 is not 
limited, a common servo information pattern as shown, for example in drawing 6 (a) or drawing 6 
(b) may be used. Then, a substrate front face is exposed to activity reactant gas and reaction mixture, 
for example, F radical, on the same conditions as the case of the gestalt of the 1st operation. 
[0139] As shown in drawing 9 (b), the ferromagnetic layer 64 of a field exposed to F radical loses 
magnetism, and changes to the non-ferromagnetic field 62. In addition, since the non-magnetic- 
material field 62 just forms the magnetic pattern as servo information, its non-magnetic-material 
field 62 does not need to be so deep. 

[0140] As shown in drawing 9 (c), after removing the resist which remained, as shown in drawing 9 
(d), on a substrate front face, a CVD method etc. is used and a non-magnetic layer 70 is formed. 
Carbide, such as TiC besides nitrides, such as Si3N4, and A1N, TiN, BN, may be used for this non- 
magnetic layer 70. [ the oxide of Si02, aluminum 203, and Ti02 grade, and ] 
[0141] Furthermore, as shown in drawing 9 (e), the ferromagnetic layer 25 is formed on a non- 
magnetic layer 70. In addition, there is especially no limitation in the ingredient and structure of this 
ferromagnetic layer 25. The continuation film of a monolayer may be used and pattern DOMEDIA 
which is explained to the gestalt of the 1st operation may be formed. Or artificial grid film which 
was explained to the gestalt of the 2nd operation may be formed. Moreover, it is good also as a 
recording layer of the usual longitudinal recording method, and good also as a recording layer of a 
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vertical recording method. In this way, the magnetic-recording medium of a depths servo system is 
obtained. 

[0142] Although a positioning system can be performed with high precision by the magnetic- 
recording medium of a depths servo system since servo information is written in the servo layer 60 
which became independent of a recording layer 25, and servo information can be written in all over 
servo layer 60, on the other hand, the amount of the servo information to write in increases sharply, 
however — if the manufacture approach of the gestalt the 4th operation mentioned above is used — 
bundling up — servo information — writing in — although ~ since it is possible — large process 
compaction — it can plan . 

[0143] Hereafter, the example concerning the gestalt of the 4th operation which the artificer etc. 
performed is explained. 

[0144] (Example 9) The same **** depths servo field for approaches as an example 7 was formed. 
That is, on the substrate, the spatter was used and about 20nm of CoPt(s) was formed. Besides the 
resist film of about 1 -micrometer thickness was coated, and the opening pattern equivalent to the 
servo pattern of a wedge action die shown in the resist film at drawing 6 (a) was formed through 
one-shot exposure and a development process. Continuously, the sample front face was exposed for 
about 30 seconds into F radical with the room temperature. Then, the resist was removed using 
oxygen Usher. 

[0145] Next, Si02 [ 500nm ] was formed by the spatter at the servo layer top, and 50nm of CoPt(s) 
which serve as a recording layer by the spatter further was formed. In this way, the magnetic- 
recording medium which has depths servo structure was obtained. 

[0146] [Gestalt of the 5th operation] The gestalt of the 5th operation is related with the magnetic 
recording medium (HDD) equipped with the magnetic-recording medium concerning the gestalt of 
the 1st - the 4th operation mentioned above. 

[0147] Drawing 10 is the perspective view showing an example of the structure of HDD concerning 
the gestalt of the 5th operation. As shown in this drawing, the spindle 101 is equipped with the 
magnetic-recording medium 100, and it rotates by the motor which is not illustrated. The actuator 
arm 102 attached in the fixed shaft 103 equips that point with the suspension 104, and has the head 
slider 105 at the tip of this suspension 104. 

[0148] The voice coil motor 106 which is one sort of a linear motor i s formed in the end face of an 
actuator arm 102, and this voice coil motor 106 is equipped with the magnetic circuit which consists 
of a permanent magnet countered and arranged so that the drive coil which was able to be wound up 
in the bobbin section of an actuator arm 102, and which is not illustrated, and this coil may be put, 
and opposite York. 

[0149] The record/reproducing head which is not illustrated are formed at the tip of the head slider 
105, and the head slider 105 maintains fixed distance between the magnetic-recording media 100 by 
rotation of a disk, it rises to surface, and record/reproducing head moves relatively to the magnetic- 
recording medium 100. Information is recorded on the magnetic-recording medium 100 by the field 
emitted from a recording head in the case of record. Moreover, on the occasion of informational 
playback, information is reproduced by the leakage field from each bit on a magnetic-recording 
medium because the reproducing head scans a magnetic-recording medium top. 
[0150] Drawing 1 1 is the perspective view showing the structure of another HDD of the gestalt of 
this operation. When the densification of the recording density of a magnetic-recording medium 
progresses, it becomes impossible to disregard the effect of axial blurring accompanying rotation of 
a record medium, although a magnetic-recording medium rotates and HDD shown in drawing 10 
mentioned above performs record/playback by the surfacing mold magnetic head. On the other hand, 
in order not to use a rotation drive for HDD shown in drawing 1 1 , the problem of axial blurring does 
not produce it. 

[0151] The magnetic-recording medium 202 is making the magnetic-recording medium carry out 
opposite arrangement of the head section 201 which prepared two or more magnetic heads while 
being laid on the stage 203 in which the drive to the XYZ direction is possible. The head section 201 
is being fixed and the magnetic-recording medium 202 moves relatively to the head section 201 by 
the drive of a stage 203 using a piezo-electric element. Since a rotation drive is not performed, the 
configuration of a magnetic-recording medium does not need to be a disk, either, and a rectangle-like 
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thing etc. can be used as shown in this drawing. 

[0152] The shape of a multi-array is equipped with two or more heads at the head section 201, and a 
high speed, and mass data logging/playback are attained by recording / reproducing two or more 
information at coincidence. In addition, there is especially no limitation in the number of heads. 
[0153] It is not limited but, especially as for the record approach of the information on a magnetic- 
recording medium, the approach of writing in by the leakage field from a head or the approach of 
writing in by the field formed according to the current which flowed by charge impregnation by the 
needlelike probe may use any. 

[0154] It is not limited especially about the playback approach of the information on a magnetic- 
recording medium, either. The approach of detecting the spin of the tunnel current of a record 
medium also by the approach of detecting the leakage field of a magnetic-recording medium etc. 
may be used. 

[0155] When it has pattern DOMEDIA concerning the gestalt of the 1st or the 2nd operation, HDD 
mentioned above has a high SN ratio, and, moreover, can offer mass equipment with a cheap 
manufacturing cost. Moreover, when it has a magnetic-recording medium concerning the gestalt of 
the 3rd and operation of four, while being able to make a manufacturing cost cheap by compaction of 
the time amount accompanying the writing of servo information, especially when using the 
magnetic-recording medium of the depths servo system of the gestalt of the 4th operation, large- 
capacity-izing of storage capacity and highly precise point-to-point control can be offered. 
[0156] [Gestalt of the 6th operation] The gestalt of the 6th operation explains patterning of the 
magnetic substance other than a magnetic-recording medium, especially patterning of MRAM 
(Magnetic Random Access Memory). 

[0157] The patterning approach of the magnetic substance concerning the gestalt of the 1st - the 4th 
operation mentioned above is applicable to processing of the various magnetic-substance products 
which need patterning of the magnetic substance other than a magnetic-recording medium, for 
example, MRAM, a motor, a magnetic sensor, a magnetic switch, etc. Conventionally, by the 
manufacture approach of these magnetic-substance products, physical etching of ion milling etc. is 
mainly used for processing of a hard magnetic layer by each, and if the approach of non-magnetic- 
material-izing a unnecessary magnetic-substance field for this using a halogenation reaction is used, 
property aggravation of the magnetic layer by the physical damage can be prevented. 
[0158] Especially the merit that applies the patterning approach of the magnetic substance 
concerning the gestalt of the 1st - the 4th operation to the manufacture approach of MRAM that 
integration and fertilization are called for is large. MRAM applies the technique of a magnetic tunnel 
junction to random access memory, and has the magnetic tunnel junction component structure which 
consists of two ferromagnetic layers and a thin insulating layer inserted between them. It has merits, 
like that it can be used as nonvolatile memory, or an access rate is quick to the conventional DRAM. 
In order to secure large-sized memory space, high integration is required and the production process 
is asked for simplification of micro processing and a process. 

[0159] The patterning process of MRAM which starts the gestalt of the 6th operation at drawing 12 
(a) - drawing 12 (c) is shown. In addition, although only the single memory device is illustrated here, 
with an actual product, the same memory device is arranged on the same substrate at a matrix. 
[0160] First, as shown in drawing 12 (a), on the Si substrate 310 with which the thermal oxidation 
film was formed, laminating formation of a buffer layer 320, the lower layer ferromagnetic layer 
330, the tunnel oxidizing zone 340, and the upper ferromagnetic layer 350 is carried out one by one, 
and resist 360 pattern is further formed on this laminating front face. In addition, between the Si 
substrate 310 and the lower layer ferromagnetic layer 320, two or more buffer layers and electrode 
layers may be formed. Moreover, the various ferromagnetic materials which contain one element of 
Fe, nickel, and Co in a presentation can be used so that the gestalt of the 1st operation may explain as 
the lower layer ferromagnetic layer 330 and an upper ferromagnetic layer 350. 
[0161] It puts into the activity reactant gas which contains halogen gas, such as a fluorine radical, on 
the same conditions as the gestalt of the 1st operation of a surface layer. Then, oxygen ashing 
removes a residual resist. As shown in drawing 12 (b), it halogenates from the upper ferromagnetic 
layer 350, applying [ which is not covered with the mask of a resist 360 ] it to the lower layer 
ferromagnetic layer 330, and it changes to the halogenide 370 which is the insulating layer of non- 
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ferromagnetism. 

[0162] Furthermore, ** from which the MRAM structure shown in drawing 12 (c) will be acquired if 
the usual semi-conductor process is used and the pattern of the up electrode layer 370 is formed on a 
record section layer after this. 

[0163] If the patterning approach concerning the gestalt of the 6th operation mentioned above is 
used, each memory device field of the upper ferromagnetic layer 350, the tunnel oxidizing zone 340, 
and the lower layer electrode layer 330 can be separated by the chemical approach, without being 
accompanied by the etching process. 

[0164] When it is processed by physical etching using the conventional ion milling method Although 
a short circuit occurs by whenever [ incident angle / of Ar ion ] in many cases by the side attachment 
wall of the upper ferromagnetic layer 350 which forms junction under the effect of the reattachment 
object by milling, the tunnel oxidizing zone 340, and the lower layer electrode layer 330 If the 
patterning approach of the magnetic substance concerning the gestalt of the 6th operation mentioned 
above is used, there is not only no damage accompanying physical etching, but it can prevent 
generating of the short circuit in the ferromagnetic layers 330 and 350 of the upper and lower sides 
by the residue after etching etc. 

[0165] Moreover, since a halogenation reaction is used, the resist in which oxygen ashing is possible 
can be used, furthermore — as a resist a jib — if self-organizing resists, such as a lock copolymer, 
are used, since it bundles up to a large area and a detailed pattern can be formed, high integration can 
be attained more easily. 

[0166] In addition, a magnetic tunnel junction applicable to the magnetic head for playback etc. is 
also producible using the patterning approach of the same magnetic substance. 
[0167] Hereafter, the example concerning the gestalt of the 6th operation which the artificer etc. 
performed is explained. 

[0168] (Example 10) With reference to drawing 12 (a) - drawing 12 (c), patterning of the magnetic 
substance concerning an example 10 is explained again. 

[0169] First, the NiFe film of about 20nm of thickness was formed as a buffer layer 320 on the Si 
substrate 310 with the thermal oxidation film by the spatter. The laminating of the Co film with a 
thickness of about lOnm which is a Co film of with a thickness of about 4nm which is the lower 
layer ferromagnetic layer 330, aluminum 203 with a thickness of about lnm which is a tunnel 
oxidizing zone, and the upper ferromagnetic layer 350 was continuously carried out one by one on 
the buffer layer 320. Then, on the upper ferromagnetic layer 350 front face, the resist with a 
thickness of about 1 micrometer was applied with the spin coat, and the resist mask pattern with a 
square of 5.0x5.0 micrometers was formed through one-shot exposure and the process of 
development. 

[0170] The substrate was put for about 3 minutes into generated F radical using ICP equipment. 
When the exposed region which was not covered with a resist mask was analyzed using AES, 
existence of CoF2 has been checked. As a result of measuring aging of the peak of CoF2, carrying 
out a spatter, existence of CoF2 has been checked by 15nm Fukashi from the front face. That is, it 
has checked having halide-ized all the joints (Co4 nm/aluminum203 1 nm/Co lOnm). 
[0171] Continuously, the resist was removed by 02 ashing and Cu film of about 300nm of thickness 
was formed as an up electrode layer 8 after that. In addition, the metal mask was used for patterning. 
[0172] In order to investigate whether there is any short circuit on a junction side face, the resistance 
before processing and after processing was measured. When the value which standardized each 
resistance in joint area was set to R0 and Rl, it was R1/R0=1. From this result, it has checked that 
there had been no short circuit. Moreover, the produced samples were R= 1.7x106 ohms and 
MR=10%. 

[0173] Thus, produced MRAM showed resistance almost equal to MRAM processed by the usual 
ion milling, and MR ratio, and it was shown that the patterning approach of the magnetic substance 
which the gestalt of the 6th operation requires is effective also as the MRAM production approach. 
[0174] As mentioned above, although a magnetic-recording medium, its manufacture approach, etc. 
of this invention were explained in accordance with the gestalt of each operation, this invention is 
not limited to the publication of the gestalt of these operations. It is clear to this contractor for 
various amelioration and permutations to be possible. 
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[0175] 

[Effect of the Invention] Since the halogenation reaction is used according to the patterning approach 
of the magnetic substance of this invention so that it may mention above, there is no physical 
damage and a magnetic-substance workpiece with good magnetic properties can be produced in a 
simple process. 

[0176] According to the 1st magnetic-recording medium of this invention, it is realizable by the 
production process which shortened sharply pattern DOMEDIA which has the good magnetic 
properties which are excellent in heat fluctuation resistance and are not influenced of the adjoining 
record bit compared with the former. 

[0177] According to the 2nd magnetic-recording medium of this invention, since servo information 
on a servo field can be written in at a package process, the time amount which the writing of servo 
information takes can be shortened sharply. 

[0178] According to the magnetic random access memory of this invention, a reliable memory 
device is producible for high productivity. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing pattern DOMEDIA concerning the gestalt of operation of the 1st 
of this invention. 

[Drawing 2] It is process drawing showing the manufacture approach of pattern DOMEDIA 
concerning the gestalt of operation of the 1st of this invention. 

[Drawing 3] It is VSM data of the ferromagnetic layer concerning the example 1 of the gestalt of 
operation of the 1st of this invention, and a non- ferromagnetic layer. 

[Drawing 4] It is the photograph of drawing showing the pattern of the resist mask concerning the 
example 2 of the gestalt of operation of the 1st of this invention, and the MFM data of pattern 
DOMEDIA which actually boiled. 

[Drawing 5] It is the sectional view showing the structure of pattern DOMEDIA using the artificial 

grid film concerning the gestalt of operation of the 2nd of this invention. 

[Drawing 6] It is the top view showing the example of a pattern of servo information. 

[Drawing 7] It is the top view showing the example of a pattern of the magnetic-recording medium 

front face of a continuation servo system. 

[Drawing 8] It is the sectional view showing the structure of a magnetic-recording medium of having 
the depths servo structure concerning the gestalt of operation of the 4th of this invention. 
[Drawing 9] It is process drawing showing the manufacture approach of a magnetic-recording 
medium of having the depths servo structure concerning the gestalt of operation of the 4th of this 
invention. 

[Drawing 10] It is the perspective view of the equipment in which the structure of the hard disk drive 
concerning the gestalt of operation of the 5th of this invention is shown. 

[Drawing 11] It is the perspective view of the equipment in which the structure of another hard disk 
drive concerning the gestalt of operation of the 5th of this invention is shown. 
[Drawing 12] It is process drawing showing the manufacture approach of MRAM concerning the 
gestalt of operation of the 6th of this invention. 

[Drawing 13] It is process drawing showing the production approach of conventional pattern 
DOMEDIA. 

[Description of Notations] 
10 15 Substrate 

20 Ferromagnetic Layer 
25 Magnetic Layer 

21 Artificial Grid Film 
30 32 Resist 

40 Non-Ferromagnetic Field 
60 Depths Servo Field 
65 Servo Pattern 

70 Non-magnetic-Material Layer 

81 Servo Pattern 

82 Recording Track 
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1 

1] F e » C oRtfN i *>>£3tf ft£'>* < 

Me^«ttf*S«ffi©StBSP«r/ n a y > Sr^tr ?Stt *S 
JStfXigL < EftttHSU Ht#BU6£.* SMIBSmSB 

*iwf»t8 c t«r«pat -rsnaas i *» & 3 

tmyo y $ a # u t-o iBfflJSffc^t;: cfc S MIES 

-ximzmz 5it? c fc t -r 6 icmm<o 

[f»^« 8 ] Fe, Co JJctfN i fr e,jS{Jn5'>% < 

set k -r s 9 icea*att«E8 mm*. 

im&m 11] F e . C o&tf N i fr ns'>* 
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2 

[«#JiU 2] MI5-9--iP)i±»cjBfi!c?nfc^K1±(* 

mmm&&m±icmi&-£ ^tcumm t s c t * 
im$m i 3 ] w&Mm\m&-z ntcT^mmm t > 

70 MiBTSBW&iifcs Fe. C o&tfN i frZm&tiZ'P 
l INfSfMK^ 

MISm 1 3MtttfMLhte»**ft;fc F v*;l46*§yi£, 
MIE b ^^/V*§Si^®_htc. F e , C oRtf N i fr£3tf 

ns'>% < t t>-a©7c^^&ty^ 2 sBtttfraga? 

ti^2S!?K14f*Hi:, 

[000 1] 
30 [0002] 

mcomutf'XmtKz. mme? ^commit 

C0003] — dwc. c© r^jgt,^j a. k u • v/ 
kT (ccx\ Ku«S^1t^S, V{±iafl:a/J^tti* 

^5t^^Sfr^€<*!3. ^figtCfi, Ku • V/k 
Kioof r^fi§e,^j fctSKftoStefr^bSi: 

[0004] &m&%m®tt<Dmms.m&ftT'it, ib 
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3 

LfrU 4-^HDD£OiSgB«<b7b^e»tjti6{^ Tct%. 

co o o 5] co^ig?>€Wtt^raa^fi?^-r5^*i: 

it, im&#mtpicmmxy hmint^zmit^m^ 
mm., znzn&&\m&^rm%mmmfc*^r><, - 
ic/^-vK^T^^ta^ im&ftmtvx, mx. 

tfSiOz, A 1 2 0 3 . T i OafcHCgtft^S i 
3N4, A IN, T i NfcHO&fb^ T i C42®i 

[0 0 0 6] A*-VhV-7V7«, mmZy h#ttT- 
hWOT^R&it-rSC BWgfcTy HCfcSfB 

[0 0 0 7]-^ HDDTti. «»IES«f*±li:^4i) 

it, mmzmm#±<DPimyjftizfm<oMm-e*Wjft 
\cmife>ntzy—&mm (-9— #•*:**) keh^t 

[0 0 0 8]ffl?£, -9— #1flB««^*«. K7^7 

*>%>m*mx.x^%><, 

[0 0 0 9] cwc»u m&-eitv-#ffi&*m.%.m 
mmtitm^m^micmtb^re r&mv- <d 
m&mmmmmvmizftT^z, c^mmxit, is 
®mwty—#mwt*±Tizntix&mx% 

£k*>lc, V-#m®&M^mM&±WlcBi£-?i; 

[0 0 10] 

TsTitmktzrcibicit, jzmmicftmitmfeWD/* 
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^Dlfi^fcLT, ai£ffiB**ftT^SMR AM (Ma 
gnetic Random Access Memory) fc, ^<DW&lcltmt^ 

5. 

[001 1 ] cne»o»itfto/^--y^ 

&ffi*ffim?zc £&njmT-3i>2>t>\ 
^mmtntm* t> x^y^awfctm-efcs© 

X, *m#7v*XX'&m-Zt\&mifi<DR I E (React) 
ve Ion etching) %ffl^SC kltWMX&V, frt>Z> 

ic nmja&-£titc{*>tfMmmwitx><v 

[00 1 2] 01 3 (a) A>5BI1 3 (e) -Y:*:/ 

Ji^^f. -rfc*>-s. 013 (a) tc^-rj; 

■5 fo, S im<omiR5 1 OilcX/^y^S^fcfll^TF 
e, Co, Ni^-&tySaKtt^*5 2 0^fig-r5o 

coMfi»i5 2o±fc mm<o^?-^\cm 

3t51/^h/^-y5 3 O^rS^tr-^JSiffl-p^fig 
•r^o ZZlC, 01 3 (b) tc^-r J: v \C, (KDUiSX 
30 h;^-y5 3 0^Xi?tUv -YtfVtf-ASU ^ 

5. C£>&, 01 3 (c) IC^TJ;-?^ SoftUi/'X 
hK^r^SU 013 (d) tc^-r«fc5lc, ^^-V5'J 
v^lc J; o-n&astifcBSfcSi&S J; ^ tc#f«1tf*K 5 
4 05iIU S^cStSSffi^CMP (Chemical Me 
chanical Polishing) ^ff^CtX, 013 (e) »C 

[0 0 13] Lfrlfttf^ ±^-T5!i£*tOSBfi*aT 
ti, -f^ve-i*=y>'^ffl^T^SS{tf*»5 2 0«: 

[0 0 14] *fc, -Y^Vlf-LS'JvyicASi'^ 

v^. 3£®£W1 5 2 o i: 3 otmz 

Mtlis TX^TS51/^I-/^- >5 3 0©JP#»C 
fi&ftS. U-^X h <DHi3©e# 2 0 n miSt$ 
50 nif, x>y^>y5tl5^«tttWi2 0 nm^gl^^RS 
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5 

[0 0 15] Sfc, ISfagffitftOHDDtCteVTa, M 
■oX, 013 (e) »c^fJ:5tc, xy^-v^artlfcaS 

*tt«aoiaaift:**tt<«i 5 4 o^a^iiA,^ a« 

[0 0 16] -7S\ Sjfi, /^^-VK^^T©— MX* 
x-fX^'J-h 7jx$©jgft: (IEEE Trans 

actions on Magnetics Vol. 25, No. 5. pp3381-3383. 19 

89) amwHrnT^s. cmt. v<7v*mm<ow& 

^®»c«1£«©WS8lcigH-f 3 2 0~5 0nmoaH^# 

[0017] c©M^9®E9a©nH*jie*-rs;fc 
'j-bsso^r-f ratmstvr^s (#^5-2052 

[0 0 18] Sfc, 7Mtt&B«ftO'<*— VFjt^V 
£SES*lTtr->« (#B1tif§^6,168.845) . 

[0019] zti£><omm'(*>*m\?2>ftm&2>^ 

[0020] s&»c, K{kSfS*fflt^ii-&«. mitm 
&tfi&\,^x*#*m^zci:&m*LM-v. ens 

[002 1] Sft, MRAMO^jilcBiLTt., WR±fc:T 

><*>s.v z/<y*m^xmmmz£ti£>cDmiz 
[0022] fli»iBSjif*»cm«snsu— #® 
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w<om%TLwm^x%xo)& i yimmtfi?&.Lx\<> 

1t*8*#tr&t?X@;fc/iSS£-rstf. *\» K«&MriM0 

T&SBfrafcg-rSXg©— ot%oTM, <m 15 

■9— sl^-f «fc #1l!?8©»€ c &B$fflicz e, ic 
/0 &&Mtt&?Z&olc%;Z 0 fi^T, HSIBSS&SHDD 

[0 0 2 3] ST-c, Slii-tr-^^^fflV^cSBl^fBS^ 

- xm&vmi&ttft r> jLW*>&mx'%> s 1 1 1> ic, urn 

■9— sP#5SE©#&ti, Wc, #fit?8©##& 

#*fT?©T\ wz&mcm?%?t$wmn.mt>mt!>x± 
20 [0024] m-ox, v-xffimtDmz&mc-o^x 

t, ft*©**— #9-f**flyiLfc#iSICft*.Tx fig 

tt©*v\ ««BfWIM*'N01?— *tlHBO-iSfl*a* 

[0 0 2 5] *^«±IBSMfi:M^T*?nfc , tOT? 

[0 0 2 6] *%W©^2©B6gti, ±Btttti*/**- 

[0 0 2 7] #fgH»i©Sg3©Itf)ti, ±ffifflltt^^*- 

[0 0 2 8] *&HQm4<0SttU: % ±IS«ttf*/<^- 
x V^£«ffll>TfW2 tlft M R A M«ra«-r 5 C k 

[00 2 9] 

[0030] *4o, c-ct, r*m»ftj ttt. '> 

50 i,\ **vtt««ttfW!ittWc*i»**ci:* 
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coo3i] ±m*mi<Dm&{*<D' 4 i$-->?xm<D 

tffc<, Lfrfc-SXiflTi£t^#^*--Vyr5 

x h abjures, h ffi&cmmT v ~»?z&m 
•?zctt> aim-eft c©»tt*^--y^ffiv> 

[0032] *&W<»m 1 ©K»ffiS«#{±, F e , C 

CO 0 3 3] iJB4:^Off 1 OttAESfltftuDttttlc 
a y yft^W'S * SIHflHKttfMWft t - y K * 

<, JSff*K*Wtt*»*Ci*«T?**. Sfc, Any 

[0034] #5£HlicDfg 2 0«af3S«E{*tt, F e . C 

[0035] ±.m*mi<Dm.fmmM#<Qm2<Di$WLiz. 

[0 0 3 6] ##8W©««7:/^A7*-fe;***yi4, 
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8 

F e , C o&t/N i ft»&Sfftl*^ft< £ fc-«© 

mi mmi*m±K&f&-£ tut h >^vmmm t , 

h ^*)l>&mi§±lC^ F e, C oMN i frtjgJf ftS 

m 2 t „ m i h > **ittw* 

[0 0 3 7] ±m*mi<0Mf3.7>'?I*J'i?-bX* ; £V 

y - * < , ^ffia-gxs-cm@«©isv^M ram 

£««T5So 
[00 3 8] 

[0 0 3 9] CJg10fSS&<Z)7g8&) 01 (a) a, 

tK 01 (b) 14, ^O^0T£So 

[0 0 4 0] 1 0ftttQ«ttlc«Sfit*CEB 

mmt, ^tolj)5A^-yK^f^7T$oT, 01 

(a) , 01 (b) lcjR-r«fc5fc, S«i0<D±SlcfB 
M**U coeMo^< tt,±lt, ffcfiETS 

Fe, Co. n i ©ir>-rn*»*#€?3sa 

f=:««TSoT, K?K1Sf*;&5^l4#«E1£# 

[00 4 1 ] coiHMKttmm4 0«, Bttttttfittft 
2 o A traci«»©JI*?Stt*gjS3!fXi:<fc*WteSifi: 

40 ttmmz oAt«a-r*»«x ta^Fe, co, 

[0042] CO<fc-5ftJill 0*Sfi©Jg«©ffl[StE&« 

tiwt-f^s y y^xyfy^iiwsTS 

[0 0 4 3] JWT, *0M*»tC2fi^Sfi©JgS6©astE 

50 »«t«aD«jftt*©H3a*s*teot^ww-r*. 
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[0044] 01 (a) icjjvr «fc5ic, mtmmmfcv 
mmicis^T, mumm&z o a a, -Mgtcsuw 

S 1 IBStT-y h*«|fig-rSo #3IH»tt{*fi«82 0 All, 

^n^rn^tc&A Lrtsiwc -r s c t # g$ lvm&h, 

01 (b) k:^-r«k?tc. '>&< i:feS8«tt^ia2 0 
AOjJlgBtf2E3ii«14#«itg4 OlCfc^HfcfflScftT 

ns 0 ^fflEis^iszoAti^n^nfKfk^iRj^-Tjifii 

^Jffiofc^lKE^SIfcftSi^tc 1 0 OnmMTiS 
KttSOnmttTtn, fc*5> «9MKttttMtt2 0 

Acoj^Ka^tcise.n-r, a«to««fc-r?€s. 0a* 
Co o 4 5] mt&wmmz o k^<ommtti±, ft? 

CO 0 4 6] aHKttffllM2 0 Ati, 3Mtttttttt*rc$ 
5Fe, N i , C o<5DV^-rn*^7clg*iafi!clC-&A,-e*i 
tK flIAffN i-F iK^tiF e-A 1 -S i%<0 

iSStf«, C o - Z r - N bSOC oSWTWrX 
tttt, Fe-Ta-N^<OFe^im Fe, C 
o N Fe-Co, Co-Cr, Ba7i7-^M*^4 
So CO? "5, S!SaBE^a^ttO^*CoP u Co 
CrPt, FeCo. FePd, FePt 3|<D-&&3^ 
j&S^«.Co/Pd, C o/P t AHfrftlO^mTJgjS 

CO 0 4 7] *fc. IHMttttftifiMU 0«\ _h3&"rs& 
M&#m®z o A i:|SI-ia5K©S^/Nayxb5-&fcfe 
OfTS. m^Nayvft^-li-fcfecOtLTtiCoF 
2, Co Fa, FeFa, F e Fa. N i Fz^mfZCt 

#t?£s. cn^ti-r^TsaaEtt^Tfes^ cof 

at F e F»Zm->Tim%.mii£&&g. (Tn) tfffil^fcAi 
CO 0 4 8] 02 (a) fr£>02 (c) t±, #S8flfiC9Jg 
C0 0 4 9]$-f, 02 (a) *m&?2>&r>\c. Si 

s«nosisi o±.K7srtv**£<D?3mc&K>. mar 

KPS$ 1 0 n m~ 5 0 n m<D&fi&14Wi 2 0 ^Jg/ST 

s„ cosamtetwi 2 otfjgfigstifcstgi o±»c u 

v^X h 3 0 If >n-^l|{c J; »? 3— r-f ^y-TSo 
l^x h 3 0(omm tt«Ptel®t«*v> 6 9MttttttJl2 0 
tr >*-;i>fc < « ? c i: ox- £ sjf^-e&ntf 
<t v\ e b wmm*m^T us?x 1-30 ^swwts^ 

U SH&lSfcJIT, 01 (a) 0¥ffi/^-VlC«S 

■rsus>x ei«tt#^g« 
i:LT«-ra5^osffi*^xh3ot?«aL, ^-nw 

•To 
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70 

Co o 5 0] ^nyv^tfgJStfXi: UTii, 0a*. 
tf> CF4, C H Fa. CH2F2, C2F6. C4Fs. SF 
a, CI 2, CCI2F2, C Fa K C2F«HO^X^ 
fl§T£S. 

CO 0 5 1 ] rgtefcSJStfXOJ&Sgfc LTtijgft 

cneo^BOf-^^^-rtlcSJts^X^^AU iCA 

ttJfiraasn^mWffli^U EJS#x%#8tLTrt:^ 

STfAt^s <fc K> EXaS3t&mv> S ft «> fc»«tt*«S« 

CO 0 5 2 ] ^XVfg^gBt LTi?iS*0!li: UT 
ti\ mtf^te-g-y^Xv (I CP : Inductive Coup 
led Plasma) ttBtfWT&tlS. I C P«Bfc«. ±»c 
7?;??9l£MflB£ttOC o i 1 R F t.Mlc79X^Z 

m®Micwtm?zm&z&-3P 1 a t e n r f^«s^.s 

IfCoi 1 RF*300W, Plat enRF^OWt 

X^y*©&&£S/jNpg»cmsc£j^&g£fc 
So fc*3, «{*affiOX/^-y3f%K?±-rSfe4i)»cii, s 
Jtt^BrtOjE^J^ ^Sfts mZMl 0 — 3 Omt o 
r r, «ttl{(f$L<{±*«J2 On t o r r JcfSo SfCx 

sjts^fxi:LTCF4^ffiffl-rs*&a, ^xisa^ri 

0~50sccm, »*U<«*«J2 0 s c cmttS, 
50 CO 0 5 3] 02 (a) IC^R-TJ;?^ C F* 

#X^c.^gLfeS«* F ■7>'*7Pfc U-^X h 3 0 1« 

m-znTi^^&m&ttmzoitmLtcW&it. sab 
Tv>s^jKttf*» 2 o«b« f ^vumc & K>&m\zm. 

COO 5 4] 02 (b) ICTnTXolc^ ad 

^K1Sf*®«4 Ofc&So ^Xh3 0tC«fctl 

Sffi«a?tlTl>51!l«tt, 3i«1S«:®« 2 0 A k * 
So ^ftttttfMi«4 OOSIStt, S»«1tf*®2 

Cgl^T^:<, m«S!ffittf*M2 0OiP*fc3hfU 1 

COO 5 5] ^fbt F^-r^a-feXTfeSi^S 

m^iH c 1 mmzm^rc o c 1 3 ftAny vfts 

•&Tfe*t\ 

[0 0 5 6] giofcUv'X h 3 OZmffiffcZT 

tiffs 02 (c) :|3«fctf01 (a) , 01 (b) fc^f 
/^-V'K^^/'^SCt^tr^S. W-v^X 
50 KO*Jfi^*fct±s iI77X?*fc^^/c7'r>V^ 
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co o 5 7] ±mvrzfs i commv&mic&zwgfim 

£j£L/c 4 O-eaBSC o F 2 , N i F2 

<Dm%.m$K&Mg. (Tn) t±, ^-n^n 3 8K , 7 3K 

MOBBey MWO«BWS«Sff«««*<, busk 

So 

[0 0 5 8] CftteJtU -rT-»cSiWLfe#M¥5-2 
0 5 1 5 7ffii^i#ffi§6, 1 6 9, 8 4 51c 
BB^ £ fife x W X * U - h * ¥4 - > K * x -f 

oO^NiO^TnJi, tnftlTn = 2 9 1 K, 5 4 

s^S{?-rpriii£^2&s„ mar* iRi-«#^BS^tr>y 
[o o 5 9] se-pT, m i ^sao^ic^s/Nny > 

[0 0 6 0] Sfcs — flaWc/N^-Y h\ 1ft\C7v\m 
l±. CaF 2 (**;I/5) tC^SnSi^^ 

*;l/3r- (D) ©JS?***:^. #|*.f£Mg FzODliS 
11. 7 kJ/molfSU, MgO<DDl±3 3 6. 8 
kj/mo 1T$5, fi£oT, 7>y{t»±^ft%<tt)iiS 

[006 1] SSlc, 7Wt^<D&8FfcSEl»H£lis BIS 
f 5 &fl&14#«S$ 2 0 A <9*StP&:&«S* , <fc t> §ii8El£# 

mmc»Mm.ft&*&m-r -a atun *>wm t ^ s . 

[0 0 6 2] iOxT. &{fc$&re$.5C oO«ctt«1S^ 
56&#4. 1 2 4CDlEJj&X*%>2><Dlcmst>\ 7v\\M 
C o F 2 © c tt<D|fr?3£»»± 3. 1 8 0 t/b^^tctb, 

[0063] _t>$L*:ig i v&ffico&mimzgimxm 

©T, '#9MKttfMM4 o £3sfi8«#^ig2 o ac^B 
W£ t4IS tf« L < , SJS^teB#©¥?i*^ffi^t5{?«fc 
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[oo6 4] *fc, ^^vsyv^ffl^ci^tt, m 

ifte**$f*-$*BiB«iW»<5#, ±i£-r -saunas 

o^ffi©^ fc j; tin s mtm#mm zohi*c<oz.o 
io a-r 5 %mmtffiw 2 0 a ©wt^ft:*^ etc < t^„ 

[0 0 6 5] ±&-rSgtffcKJS*&fflUrc«£3fe 

[0066] ? e. ic, ±mt %m 1 £>fH86e>j&sg©§a3e 

fob, ^^a^^n^u-v-^iBffl^Efl:^ 
(H^Btig^) 5rffJ^ Lit K MJ?©S* 2 0 n mgg 

'JXfUV (PS) t^'J^fW^^'JU-h (PM 
MA) fr£%;%z?-7a'y'>=itfy-?—!g%m^%Ct.tf 

[00 6 7] ^ny^a^yr-tilSfiKit, d?B«M 

T*a&5^. t»R»f. jK'JXfl/y (PS) t5KU^<^;l/ 

^^^ui^-h (pmma) *m&LKmm*%miSi# 

40 1 2 0±^c^-x^>y•rst^ 

t, P s^S*?«jte^fb^-&n^ ^iJW*pmmao 
I*2 0nm> iSS 4 0 nm*SS©K-y h/^^— 

[0068] ^©-r^ve-Asu^^fflv^^jS 
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s>:/o * * a # y v-© a Bmmi&mzmm l t 

X h<D/m--^7Zft Afcf. gH^W^ST* E BISiB 

coo6 9] c(D&o\£, mi<D$m<Dmf&com%mm 

[0 0 7 0] Si cDSUScDJgfillc«5^^-VK 

[007 1] (HSfcfW l ) *f\ x/<* *aic<fc t> s i 

fm (Mttmrnff) mzmihrc* mm$itt:mi&# 
■omwM%m®M&v>m&wm2tiKo vsm amu 

fci:C5s 03 (a) »CijVr <fc ? ft, n&ltO. 4 9, 

^at^j i 5 o o o e (ox—fbmznrcc 

[0 0 7 2] K»*ffiOfflfig*X P S (Xjgtt 

S^^TtSO «rffl^T»«f Lfe. Binding energy = 7 

7 8ev ice oftGw-t&mmztirc. zfemme 

CoOW—? (7 8 1eV) t>nmztl*:t)\ £MZ± 

0 — 7 5eVlCP t^cD2*©b!-^ 1 £.»iBiJ^nfco 
[0 0 7 3]<fc»C, iRimcX/^-y^^tCtti S i»*g± 
tCoPt*20n mJ^BSLfctm*®^* V^-rt 

F4^fX«r3SAL, F ^A^^S^fc c ? U 
T, im«ffi^F-7i?*;WciKj3 0#®35Lfc <> ft*5, 

[0074] e<o&, K^SE^fflfiR^rx p s cmyt 

m?ftffi£) Zm^rMtirLTztCZ^ 7 7 8eV (C 
o) , 7 8 leV (CoO) ©We-^tfjft&U 9tttK. 
7 8 3eV (?y<t=i;VVh) WWimZtlTc. 

ft*5, P t tf-^»Ctf-^->7 MiSSiJ^nft^ofCo 

[0075] M,nmffi<Dmm*A e s c^ss 

sJxW^SHteSffl) *m^TMtiil<rz£c?>^ Co 
P t a^-yfba'U'Mc^ftLT^SC ttffitlgT-^ 

5 1 0nmigfta^#feLTl-'5CfcA^*^/c c> 
lcF7i^;W@S5i$B*g<-rni£ (1 0») , CoP 
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[0 0 7 6] *fc. M«*ffi©MFM^%SaiJLf£:i:C 
[0 0 7 7] C<DlS«5:VSMTgaiJ-r5i:, 03 

(b) ic^&?&mmft*ftmii#<»7 : -?zmco 
c o f 2 i±**s«isi*T^s^> ^-Muwmnc 

5. 

[0 0 7 8] C©iSi9, SHKIxftfl-ZNfcSCo P t 
10 KliF^^WcilsrfSC t), S^KIc/n^-i' 

Kffcs «^r?^-r set # ass? s fco 

[0 0 7 9] (fiifiS0>|2) SJKItttTifcSCo F 2 

t\ ^iki4^-cj&5 c o p t ^m.K>mh,it^--y 

S i W&±\C CoPt%20n mffi&\,rz&, CfflCo 
P tK±»cXkfvn— MC<fc»K JP##)1. 0Atm<OU 
^h«*U -SSSfts §l«!©I@S:i&T04 
(a) lC7H?£?1ZUi?Xh^2-l'1t&lg,l,rz<, ft 

20 2 . 0/1 mft Lfeo 

[00 8 0] C<OimS®*SMcD$$, ^sataji tim 
filft^T^ff-li-fc F ^ f Jf}lV^>\cmz OWL 

[008 1] c^imoMFM^WJLfeti:?., 0 

4 (b) tc^-r<k^ft^xh/^-vfcffl^-r5?Kit 

BP'S* U5?XhKT»«a 

o^ki4#<om f m^ssi* tu c o p t m&um l 

[0 0 8 2] £fc, C o P tB#3ttiLTl,\fc?i*@t*X 

fbLTv-sct^BS^-p^fco ft43, cc-eaxps* 

Rl^Tmf£(0F>ll£*fT-3X^2>ti\ AES, SIMS 

[0083] ii lt, fte-nfcM^a, ^Btiacti 
40 WL^mi (b) »c^-r<t?»c. tfeSffistffli 

[00 84] (SSS6WI3) ±^Lfc:*ffl0!l2 «t O^ft 

ic^tx;, eb cm^e-A) mm^n^tc. c^t 

SO &m\C&*)S ia«±fCCoP t^2 0nm^KLfc 
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^#;Wc«S3 0#lil&Lfc. c<D&, l^xhtUft 
Lfc. 

[0 0 8 5] »e.nfcSm%MFMt?gffl!lbfet<15, 
®?K1£f*SfJ&;:*;^T, JHft«tf»Stifc. BP*, MK 
14^^8 0 nmft-9-^^jg*lC/hS<-rSt, CCD 
«S^Jc*«E^8^^^tlS C WPfcfc. V S 

0 0 , $mtl 4 5 0 0 O e tm^ixTzo COfflfci, *6S 
Ml fc^V>T, F7^:fc;WclS&L*fr-pfc7M-y*& 
OCoP tM<DVSM#-7£J£&U ft&tt?2fe. 

fc, cojKStfttttf, &xrr3Jt8$!i i -e, se^^ssfc 

fc. 

[0086] GfcttffM) X/Wjt&ICkDS iM± 
fcCoPt«r30n mfig&Lfc. *-<D&, ®|g§?B5tT 
1 B&BL, C o P t ^ffi^SM^-efc. XPST-S 
afctlSflbfcfcCS, CoOWtr-* (7 8 1eV) 

issnfc 

[0 0 8 7] C<D Co P t^lCXtf^n-h 

lC<fct>, JP#*«n . 0jiraOl/->*XI<i&i$U — IS& 
ft, ^®<O3JS^T04 (a) fC^-T*^*, 
2 . 0 /i mgiOJIJgl^X h/^-VfcJ&SLfc. 

[0088] cotfiB«s*£&0$su mmmitm 

fc. CCi, U-^hW7r>+-?ffl^t|!SL 
fc. 

[0 0 8 9] C ©6tfl©M F MMiiWLft t C 5, 0 
4 (b) lcj^-<fc?&l^XFM*->'tceiS-r3»Ete 
/V-y*)Ki:tiW«ft. BP*, Ufxn-eWi 

o^JK1ti*©M F MffctffWsn, C o P t B^ffiffi L 

M»)WHii2wt. HBicMSsnftiHicifit (afmh 

fc. 

[0 0 9 0] *fc, C o P tffi#MLTl»\fe«tt*X 
P S£ffll^Tj$#T Lfc £C 3, C o P t #/\9-f Ffc£ 

[0091] ccomm, &z»KibEjfmmti i &i!m{t 

l/T^8Wfcfe, ?0&Q7y)R73?*;l/4>1I!ftK£; 
fc *fc, co^fc<kt», jift^ffifciaiaoatA-H 

[009 2] OtttM 1 ) tt&mt LTn 
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BP*. X^y^cfcSS ig«_k£CoP t£2 0n 

L, EBfi5iffllcJ:t), HSSe>j3i:l^^c8 0nmfto^ 

r I'^-VfcT-AS'J y^lSIISffi^-tl'^V^ 
Lfc. hTffiSStlTl-tftlr^ttOC o P t £8$ 

2 0 nmSgSx^^v^LfctC^T, a»>©W>Xh 

Oz£2 0nmJ&jgL, W^fc ,J;»5«j£;£ft 

70 fc C o P t ©glgp^fflfe 5 <fc 3 »c^®£«8S Lfc. S 5 
lc, CMP«S*ffl\ S®£BF8Lfc. C^LT^ft 
^nffixtfCiftS 0 n mft^^fiBHS^lgfT^S C o P t 
*S i OzT-K^H/ufc^^-VF^-rYT^fc. BP 
*, fWSftfclSBH:. **«3Tfl«Lfct*B©M7 
-f PflWS i Oz t49fttOfciat«. 
[00 9 3]MFM^ Co P t g&tffcitSiJLfci: C 

StftttfctiillLfcfccs, ftBttito. 7 0, <SHK;>32 
20 0 0 0Oe#»e>nfc. COlli, HafcWlTfx Fr^ 
^WSSSrfffc&frofc, *it&<5DC oPtOl 

^l^«&1$t£fc«K5fcft±LT«^5t>©<D, H8S 

[00 9 4] (*S») 3 t J±|Sie!lt©*fJt<k t>, 

£fc. 

30 [009 5] ttfcM<DMn-Vli, kf-A = U 

fb¥W*73^*fflt^TI,^5fc4i), S881tft«ffi£;50t- 
i?&&\,^<Oi)\ *<om&o>— -3 £*£%.£> tiZ* 
[0 0 9 6] £fc, mmM3(0^$->F*7 t 'f7-? 
It, C o P t Vitl,T3mM1iimt$*&l$.L 

> K/f-f ro^aitiMnwsjgjji-r* s i o 2 <d 
[0097] $ fc, miM 4 ©fcyn«k 5 , 

^etlSfllft, BP-^O. 8 n mJWTOIHIia®H%+ 
»?iEfc fCi: ^SI^T € fc. 

[0098] (m2comm(»&M) 05t±, ^2o^ea 

50 $>5o 
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[oo9 9] m2<o'0m<otemL%2>><iz-i'Y 

izmiisiti]mtvm&ii£#m&m*m^&. m 1 <om 
mv&i&tm&z&te. s i m&±icmmcDm&mm 

t $5wiCo £ p d*&z.\cmmLrz*><D& i ta£>tiT 

^•5, c<D<fc-?*AX*£?K£ffii^nfcr> WvfiHtt&* 

[0 1 0 0] *2«>*ftej0Wc4IUS'<*--:/K>t9*4' 
:r«$jft-rsfc«k:& *-*\ 0 5tC7jVr<fc-?£, »*g 
1 0±fcX/^y*tt;£>;£i££«fctK CoItPtl^S 

0(±, 0. 2nm~l. Onnu $f£L<t±0. 5nm 
i:-T5o Sfc^ P t Ji<9!SJ*li, 0. 5 nm~2. On 
itk #SL<til. 0 — 2. OnmttS. 

mmti ommm, p tjia^comj;»3-»^<-r 

5. 

co i o i ] c<Q'&<Dzmim*mcm i <onm<o&m 
(om&tmmv&*), ax*&?$2 i±icui?xh*& 

/SUE BJiiS^&ffi^T h*»R«teWfeU 

?K2 iss^ia-r 0 

CO 1 0 2] #Rfc?s F7^*fcl^XW- V* 
Lfc AXt&^SI 2 l OTSrHf t > F ^ 5?* ;H±. 

CO 1 0 3] AX»Ttt«ll!JWte«iSnfc«Bft, Wc 

t-ojvarawcfes. seoTffljg*B5©-5t><Di/re 

^•5^ KSi«2 5«AX*&?ai2 1C0CT<«B 

CO 1 0 4] &ti, &irzU~SXhZ®lz-?Mf. 01 
(a) tiS)«tc, AXfS^K^t.*Sa«ttf*^«E2 0 

a t^nmm^mmmm^mmA o^w-rs^*- 

CO 1 0 5] ±o&?Z>&r>\^ ^Vlf-AS'jy^ 
ffl^fc^3R<D^S-eS, 3l?K1Sf*«liS<DAnX^ffilC^^ 

?Z AX*&^£f§^fc<K*-v 7*Mt8C 
£«aHrc;£&2>V f&2<£3l]ffi©^«ig£«3:£i£;S:fll^ 
ntf, AX^K^ffil^c/^-VF^^T^fiW 

Co i 0 6] &*5, ccot§-£i>. ws\<vgM<oi&mcm. 
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ft*. E BSSHfcm^cU^Xh^/^-^^lCttS. 

CO 1 0 7] JXTs ^2 0^SS<DJgSltC«5AX<§^S 

CO 1 0 8] (S&&S0IJ5) S-T. S iIfi±IC7A-y^ 
JS'feJiVTitJIU . 4 nmCDC o^g?9. 5 n m<0 

p ti^iici opbbu Ai»?iR«»jaufc. 

BitO. 8, &mt}2 0 0 0Oet)mi~>tirc o 

co i o 9] m^x, AJL&?m±icmm 1 . o M m <o 

l^Xhfcn-x-i'VyU E Bfl5DIlC<£ t)$]8 0 n m 

m&%;0kftr>&m-C'i& 3 o#s«, f ^*;mchiu 

20 CO 1 1 0] <l<3LT^?.nfclS«©MFM®?:^a!lb 
SS0!l3-??»e.nfcfe<OJ;»PlS!^t,£O-Cfeofc„ gfc, 3i 

«fiBl^ 5 0 0 0 O e tf» £ti;fco 
Coi l l] c AXl&mfcfl^T^-vF 

^f-fT^tsi:, c o p t <D)¥-m&*&mi>rcm 
co 1 1 2] mmme) nmmstm&foikftx*. a 

ffi±tcAX^^«r^Lfc^ #'JXfUV(PS) 
fc*iJ**A**iry U-h (PMMA) 

raj ««ns^ps6^*s r»j immticmftmL 

Jl»3W^^ftb, mfrlft 2 0 n m, it^J 4 0 n mSfi 
<0 P MM AOK? h/^^-V%JgfiRLfc« 
40 CO 1 1 3] ^V«T, C£D|£3S^S7?*<J3 0 3g®fi, 

SofePMMA^^LfCo 

co i 14] mz>t\rcMn<DMFMigi*wiwrz£, p 
MMAT1sa^nT^^fcts^gt6^ *iKEo^astti*®«c 

C0 1 1 5] CCQ^-MC, **fiS^®»c^5?^fc<fc 
50 -V^ffit^TfSiSB^SSEIi^i^^^^-VK^x 
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[0 116] £<D£tlt, &V$M%m?ZEBmWlcR 
CO 1 1 7] CM3<QDlfi6<DJg<&) m3<D$m(D&f& 

T5 -So 

coiis] bp*,, m3<D$m<oi&mic&z>&mimM 

h^^-t-f^u ■9— ^««t*5ep^tCx -9— # 
^/^-^ttg^-rsBflp/^-^^-rSo -9— 

*f£v 06 (a) ICTji-f&ofrmgl'**— V6 5^ffiS 
M^Tcfe©^, i£VH±06 (b) tc^-T«t -5**^5 

ic/^^-v 6 6 t>co*±T»c¥ tr ^-r l 

[0 119] US?* JglCfUSSOJg 
[0 12 0] &*3, -9— sP^lC^-rSK^^^-^ 

/ - v© pm fe b < ti^fflflco iT 6 *3ii«ttt#ftnafc: 

[0121] ccoxm^m^Tv— xmmcomz&fr*: 

[0 12 2] ZZlc^ ±fBS3©*KS^ffilC^S-9— 
Tt±s flajitif. #BBP 2 0 0 0- 1 9 20 0^?8tc x 
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[0 1 2 3] 07 «^9--#7^©&#k:j&5)c-r5 

43, 1/8 1 ©JBRtt, HsSLfeK* MOB 

6 ft£ *> »T-li * < ^Stti/ - yp$ o T fc J: 

[0 12 4] &*5. m&h^v? 8 2 ©WffiUfC^iJ^C 
lBB?n5 K<y b/^-^8 1 -rT-lcittWL^:^ 

[0 1 2 5] *^3. Sf?3©flf8©^<£tC&5i2g$i#C!) 

[0 12 6] UCR ^W^^tforcm3©Slfi5©JgSI 

[0 12 7] (SWtW7) 06 (a) ^tmSKomO 
^*-V6 5lcffla-rSU^Xh/^^-V^figbfcJK 
50 *U±, *«£M2tlRl«c0^T*i£i^&^S!Lfc. IP'S. 
X/W «fc *? S i Sffi±tC C o P t * 2 0 n mfiKK 
Lfc^, C©C o P t^^XlfVn-hfcit), jp» 
» 1 . 0 ft mOWX h*»*L, — gSS^t, 3S«©X 
@*ST06 (a) IC»-r«a!OHIO/<*-y6 5«Jg 

tc*53 0#®SLfc o C©^s ^F«7'r>+ 

[0 12 8] XPStit), F^^*;Uc®Lfcl^^X 
h©5BngP^©C o P t ©##£3SiaB&# (C o F 2 ) 
40 icft^gffcLfcCfctf&t^-e $fc, M F MTlSiBJ 

[0129] comm&t), m3<v$LM<Dmmic&z,m 
lt, -9— xitm, wzh? xmm(D9<£ 

?Ct ^T*€ Set E6f2T-£;to 
[0 13 0] (*Wffi|8) 0 7T^-T1?--5p/^^-V8 

50 i±, ^JS0d2i:lR|»©*#-t?Sm*f^»Lfc. 
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K> S i a«±fc CoPt%20n nUjEKL*:&, 
COCo P tULbfcXlfva— McAD, JP^iftl. 0 

[0 1 3 13 XP SlCfct), F^i/XfUcmLtzUisX 
h<DMn&ft<DC o P t co##c o F 2 k:{b¥SfbUfc 
C ttffmVZtzo MFMTSaULfcfcCS, U 

[0 13 2] COiJSJIU:*?, ^3t0^C0«SI»C^5fflBI 

CttfT-Z 5 C t^BtlST^fCc 
[0 1 3 33 CSt 4 CDfUflgcDIgSSO Jg 4 <»$m<DM& 

co 1 3 43 0 8ic m4<D&8&<Dmmicmzmmy-- 

[0 1 3 53 »«1 5±lC, 3fi«E1£f*/f 6 4tf&f£Z 
lf3fiJS1S<*®tS 6 2 K<fc 9 -9— xm 6 0 JPtfiKSnT^ 
[0 1 3 63 09 (a) -09 (e) l±, St4<D5|$£co 

So 

co 1 3 73 v—&m<»j&j8J5mit, m*mcm\<?)n 

#&«AjV>«. EP*, £-f, 09 (a) fca*rj;3lc % 
XAy?SS5i^tlSl 5±fc3&«13:fWf 6 4*fg 

Mfewmzohmisxc. co, ni, f e^tsmzo 

CO 1 3 83 3MKttfM6 4±»cU^XhK«ra 

-f^y^u —ismsfts mmumzmTs %m&i*m 

6 4 ±JCV— 3P1t^tcffl^-rs US?* >3 2 * 

Stl4l/* MAtf06 (a) Xl±0 6 (b) fcgVTJ: 
^4HRWfttJ— *UWK/<*— y*fflV>Tt«t«f\ Ceo 

CO 1 3 93 09 (b) £jjVr<k-Mc, F^v?*;Uc© 
WK6 2icKfi:r«. 4fe. ffKtt«MHM6 2a, "9— 
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ffflt&WMle 2 l«-tl«2»< 4< TAV. 
CO 1 4 03 09 (c) iemt^o^s ^ofcU-^X h 
£Rfc£Lfc&, 09 (d) t^f^dfc, Stg^S±JC 

cvDtt«*fflv»T*«iMi7o«Bjar*. c«d#k 

tt!7 0li, S i O2, AI2O3, T i ozm<omwto*> 

SI3N4, A IN, TiN, BN«<D8fl:4ta0>4& Ti 

c m<omm*m^T & * v>„ 

CO 1 4 13 S£tc, 09 (e) tc^jVT <£ •? »c, 
»7 0±k:a«»tt4Wi 2 5 4*, C<03£« 

m 2 eD^fi&OJgftglcifcfE Lfc <k o 4 Alte?H£«fiE L 

Xs ^*-*«acoK«E»«M*aH»6n*. 

CO 1 4 23 «yS-9--#^SCO«f8BS^7?«, -9— 

*nm*flEwi 2 5 6 0 ics^jis 

20 nocttttzzretbs tim&itb&mitmmmcft? c 
t&T'2zt>\ =t<D~ux\ s*&tr9— jRitaoa** 
AfgiciiASo Lfru ±a-rsig4co*s8ito^!iicDia 

RlfigT?3BSfc:4<>. Aie4XS5@IS%02.Ci:3b^«So 
CO 1 4 33 OTv ^#H^tfo^S4©^K5CD^S8 

C 0 1 4 4 3 (SlflSfcl 9 ) UlSSM 7 |SJ«*7?^«^T 

i&l^t C o P t 2 0 n mf ^Lfc, CC0±fC$<] 1 
30 fimfCU^XHKa-f^y^U, -JS&ft, ^» 
I@=Sr^T, Ui?Xh©tc06 (a) »c^-r«?S©-9-- 

T, i«RX9£3jfta£$, F^i?*;l/^k:)Kj3 0«>@ 

CO 1 4 53 ^efc, 1t-5PS±»CX/^-y^?it<toTS 
iO2%5O0nmSKiU S&(c^<y »tt7f3M 
J:45CoPt^50nm^IU. C r> LT, ggBit 

40 co 1 4 63 m^oyfimmm msvmt&om® 

Its ±m LfcS 1 ~m 4 to^SSi£0)g/igJc^5«MfBS« 

wtmz-itm&ssamw. chdd) tcgi-rs. 

CO 1 4 73 01 Oti, SB5<DftMKD^tt(ClK«HDD 

?K»fBg«f*l 0 Oti, XUVK/H0 1 t«t?ftT 
fet>, 0^L4t'' ; e— ^— T?lH]<5-r5o H^ttl 0 3»c 
^t3#^e.txfc:y^^3.x-^7 , -Al 0 2 t±-5-CQ5fc»c 
■9-X-^>->3 > 1 0 4 SrGlx.Tfe 1 ?, CC0-9"X^V->3 
VI 0 4OMK'\<)» KX7^?-1 0 5«rWLTI,> 
50 5 0 
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CO 1 4 8] 7^faX-^7-il 0 2<Dg«ail> 
—T^—SKO 1 1 0 Sim. 

ai-^7-Al 0 2OJi?tr>'SP»c#^±lfe > nfc0^ 

[0149]^ 1 0 5£>$feWc&, 0^ 

IsJlElc.fcS'vy FX^f£"-l o 5#»E£lfBS$St#l 0 

o t <Dm\z-jz.m.m*Ui xn±. u ie^/b^ v f 

2M8§tfEg«?f* 1 0 OlcftLTfflttWcgftrrSo IB® 
&LT«, F^MfBa5m±*^*-rse:<S: 
CO 1 5 0] 01 1«, #^CD^<80<6>5-O<DHD 

©»fg«{t#ii*?i:, 0MftfteiBi«icfl>9M£tuD£ 

co 1 5 1 ] mfmtmft2 o 2hxy zjjfa'wmm 
^•y b-*m$mvrc^v fsp2 0 1 zmmzmnmctt 

lfteB«*TV*. FSB 2 0 1 t±S^SnT43»3, 
^xy*f 5^2 0 3<DIB!t&k:«fc SSSStfa 

g$SS#2 0 2*^>y Fg&2 0 1 fcttL*a*fl$lc&lrr 

CO 1 5 2] <Ny FSP2 0 1 tCtiv;l/^7 W^lcffi^ 

Co 1 5 3] K«ts@<«#'N©if^©fes^f±#tRs 
m-zti?, F^c,©ifn?Kwes$3itf#ffi. &s 

CO 1 5 4] &^ffi©&{*<9»ffi<DW£#a»C-^vCfc 
CO 1 5 5] ±lt5HDD(l mi Sfcti^2C!)SISS 



(13) M20O2-3 5 9 1 3 8 

24 

«{tn?^5„ £fc, m3fe<fcO r 4CD*6S©^fillC^Sfia[ 

mem 4 <D$ffi<DBm>&sv— #tt<Dmmza 
co 1 5 6] (m6<Dnm<DBm) mecDnmomm 

RAM (Magnetic Random Access Memory) <E>/1£— 

;o v^covvrgawrso 

CO 1 5 7] ±^LfcSl ~^4©HfiESO^tC^5lS 
MRAM, ffi^ttrvtJ--, m^-fy^m<DtaJL 

Co 1 5 8] <®ic, mmfctmmittf&ibZtiZMR a 

CO 1 5 9] Ml 2 (a) -01 2 (c) |g6©§S 
SfiiD^fC^SMRAM©/^^— ^>-^Xig^-r„ & 

coi 60] £-r> 012 (a) tc^-r* oic, mzis 
%m<mvBjiz-znrcs is«3 1 o±»c ^yyrm 

3 2 0, T«^K1Sf*^ 330, h ls*)Vmit® 3 4 
40 0 , ±®^attt^S 3 5 0 ^iH^iBSW^fig S e. c 
OSSiSStl/^ h 3 6 0/^— >5&^fiX-T5o * 
S11S3 10 tTe^«14f*@ 3 2 0 ©Hfcli, 

T»5S?Stti*« 3 3 0, *3<fc ±»3SfiB1£Wl 3 5 0 £ 
LTti, ^1 ©Slfiao^fil'r^-rs.t'pfc, Fe, N 

Co i 6i] g|ffi/f*, mi a*tt<o&tt£RI{K&ftft 
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IcfcOB^-rs. 012 (b) lc^TJ:5lc, U'JTsY 
Wg3 5 Ofr&TJi3llfi&14Wi3 3 OtcMJT/Nay> 

ftu ^«is«itei^ii-e$5/Nayvffc!(%3 7 Ota* 

CO 1 6 2] £S,»C, C<D&, fflS^^^a-feX* 

fcj&s-rntf, 012 ( c ) k^-tmr AMmmt>mz 

CO 1 6 3] ±M-r-5m6«SIM^SI»C«5/^-^ JO 

JJl&JK&WI 350, h v*;i/gg{b» 3 4 

o *j zxTFrnmrnm 330 ©s^ * y m=?mm<»ftm* 
co 1 6 4] m.*<nj*>^)z/?mizm^Tcyammx. 

r «±jnMtt&ttji 3 5 0 . h v^^fte 3 4 0 *5<j; 
tfTJim®e3 3 o<Dffl!igT^*s*^*-rsc: 

SIHKtettJi 3 3 0, 3 50 T-©JS*&^©fS£t> &5 <*C t 

co 1 6 5] $fc, /Nay^ftsjs^ji-rs/'cie), & 

SCtOTtS. 30. 
CO 1 6 6] ft** KimCN? K*>C«ST*S* 

n^rfwrsc tare**. 

CO 1 6 7] «T* WB««*«tfofcfll6©StSMlO«» 

CO 16 8] (Xttfiffll 0) HI 2 (a) ~H1 

2 (c) *«HUT» XMfflll 0 »«:« - 

CO 1 6 9] X/<y*jST?«MMt««*OS i» 

163 1 0±»C, ;V>77i3 2 0i:tTffi|fl!)2 0nm 40 
©N i F eKfcJgfSLfc. WJT^»77i3 2 0±lc 
TJlSUfiBttWi 3 3 0 5JS*JKl 4 nmfflC ol^ h 
>*;l«{teT?*SJ5**?Il nmOA I2O3, StfUl 
3&»tt#JI 3 5 0 "C&SJP***) lOnra^Co KfclH# 
ffiSLfc. ±Ji5S«E1t«:Ji3 5 0^lj±k:Xtr 

V3- h»C«tt»J»»*?Jl /imOl/^Xh^ifU — ffi 
Stft, 3Eg»«XS^^T 5 . 0X5. 0 fi m(DiEJi&<D 

CO 1 7 0] I CPSMi^T, R£2«^P?^3» 



#Bfl 2002-3591 38 

o F*©£-*©l»*S{t*Wj£LfctSJIl % «?®<fct> 1 
5 nmO^?$t C o F 2 0#ft^teT€fe. BP*. 
Sc-^SP (C o 4 nm/A 1 2 Os Inn/Co lOn 

CO 1 7 1 ] WJTx OiTyfyytl/^X h*ffi& 
U *<D|ft N ±ffl5@©f 8kLTflgJP*«)3 0 0 nmOC 

CO 1 7 2] g^&ffld®7»5®»*'av^if , 5*^SJ^Sfc 
4&. ioxiif. Anx&wgtftiifcillSLfc. *ti«i©« 

1$. R i/Ro-1f*9ft. C©IBi*.fc»>, gifctffcfr 
ofcCfcjWWTfSfe. Sfc* #§S!Lr::imiiR= 1 . 
7 X 1 0 6 Q, MR = 1 0%^ofc. 
CO 17 3] C©«fc^cLTffcH£tt;fcMR AMI4, if 
^©l' * V 5 U V^t <fc -3 TAnXSn^M R A M 1 
VLfrt&lftlL MRJt*a*U ft6©Xffi©$M©«S 
«tt#©^*--Vy#&tfMRAMfmSi£i: tTfeta 

•esse ta^stufc. 

CO 1 7 4] JJt±, *^SfiO»fi8fC»-3T*«WO«$S 

^«cn6©*9S©jBJ8©SE«fci®£Sfts &©-*?« 

CO 1 7 5] 

So 

CO 1 7 6] *^©»1 ©tt*ae**tttc£ftlf. 8& 

co 1 7 7] *«w©S2<oasce«ji«:fcititf, » 

***Bfc«(W- 5 C JOT?* 5o 
CO 1 7 8] *5IW©aS»7>'yA7 , ^-bX^ty fc«k 

C0S©fi#*:lfta^] 

C0 1 ] 1 <D$ffi<OieWliC&&><l9-z/ F^t 

C02] *S8WO»lOSIMl<D«MB!:«*/<^->Kp« 

7 , <DSBiDSrj**^-rxSH-e*s. 
C03] *5mv>mi <oma<omfei<onmmi 

8tttf*»*J:tf*!«KttfMi<0 V S Mf-^ T-£So 
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(15) 
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27 

/ i ft — v F * "tj 7 F M-r— £ coMMV$> -S 0 

[063 V-#mm<Z>' < l?->M*m?¥m®T'&2> 0 
[0 7 3 3^-9— ^^S©«E^fBS^Sffl<0/^-v 

[083 *mi<Dm4<Dnm(D&mcm2>mm-v-- xm 
3t*w-r55asifi3@5^os!ig^^^-rxs0-cfe 

[01 03 ^WtOMSfOSISafflJgSllc^S/N-Fx-f 

[0113 ^wcmsonsa^sifc^ssijfo/N-F 
f^7^ F^^^ffl^fi*^-r^«©^0T'^So 



10 



28 



[0123 #fgBJiCD!jl 6 conMVBmicmZM R A M<0 

Mifi^?*^^-rxie0-efeSo 
[01 33 ^©^-^F^v^oft^&^-r 

[f3#©IHW3 

1 0, 1 5 SS 

2 0 

2 5 BESttJI 

2 1 AJL&?m 

3 0, 3 2 U^Xh 

4 0 #5USH£tt«ii§S 

60 &mv-#mm 

6 5 It— > 

7 0 #8*tti*Ji 

8 1 V- &/<lZ — Z/ 
8 2 Egb7-^ 



[013 



[023 



(a) 



40 *»Btt**«a« 

r-4— — *~ 



20A aa»f*«i* 



ST7 

in 1 
ill \ 



mm 



30 USJ* h 



(a) 
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(16) 



2002-359138 



[03] 



[04] 



(a) 



(b) 



Oft: 




\ mm 

«B»*15000e 



ait 




(a) 




(b) 




10.0 m 



[05] 



[06] 




(a) 
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100 : fiaflsettttt* 

101 : Xtf>KJW 

102 : T^^-x^— 7"— A 

103 : HEW 

104 : «fX^>$/g> 
105:<N?KX^-<$r- 

108 : a.a-ryi^-*- 



1 1] 




201 : ~v K65 

202 : ffiRSOtti* 

203 : 
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(18) 



200 2-359138 



II 2] 



1 3] 



(a) 



mm 




360 i^pxh 

■ >350 ±jraa&(*jB 

2222g2|>340 h>*A«ftH 
^ ■ VrtWiar — 330 TJnBttttJI 

•320 /wpri 
310 siss 



(a) 



(b) 




510 




CO 




370 /\Dyxttt 



-310 




(0 



(d) 



(e) 




✓ 520 



(51) Int. CI. 7 

HO 1 F 10/16 
HO 1 L 27/105 
43/08 



F I 

HO 1 F 10/16 
H 0 1 L 43/08 
27/10 



f-?:i-r mm) 



4 4 7 



(72) «(eb ma 



F *-A(##) 5D006 BB02 BB05 BB07 EA04 FA09 
5D112 AA05 BB02 BB05 BB10 GA02 

GA25 GA26 
5E049 AA04 BA06 

5F083 FZ10 GA06 GA09 GA27 JA20 
JA60 
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